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(57) Abstract 

A reference T-scnsor system is provided for detecting die 
presence and/or measuring the conccntratioa of analytc parUc^ 
ki a sample stream comprising a laminar flow channel (100), 
three or more inlet means (40, 50. 55) in fluid connection wth 
die laminar flow channel (100) fw respectively cond*^ into 
the laminar flow channel an indicator stream (70) which may 
comprise an mdicator substance which indicates die presenceof 
die analytc particles by a detectable change in property wtien 
contacted witfi analyte particles, the sample stream (80), and a 
icfcience stream (75). which can be either a control stream or 
an faitcmal standard stream or both. 
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SIMULTANEOUS ANALYTE DEnTEMNATON AJ^^ 
REFERENCE BALANCING IN REFERENCE T-SENSOR DEVICES 

BACKGROUND OF THE INVENTION 
In Maxwell's famous Gedanken (thought) experiment, a demon operates a door 
between two boxes of gas at the same temperature. The demon sorts the molecules 
keeping the faster molecules in one box and the slower in the other, violating the basic 
laws of thermodynamics. Hiis paradox has since been resolved in many different ways. 
Leff, H.S. and Rex. A.F. (1990), "Resource letter md-1: Maxwell's demon." Am. J. 
Physics 58:201-209. 

A similar arrangement can be used to separate particles. Consider a mixture of 
particles of two different sires suspended in water in one box and pure water in the other. 
If the demon opens and closes the door between the boxes quickly enough so that none of 
the larger particles have time to diffuse tiirough the doorway, but long enough so tiiat 
some of tiie smaller particles have enough time to diffuse into the otiier box. some 
separation will be achieved. 

Recentiy two experiments have been done where a spatially asymmetric potential is 
periodically applied in tiie presence of a number of Brownian particles. Faucheux, L.S. et 
al (1995), -Optical tiiermal ratchet," Physical Rev. l^rs 74:1504-1507; Rousselet, L et 
al. (1994). -Directional motion of Brownian particles induced by a periodic asymmetnc 
potential," Nature 370:446-448. 

This has been shown to lead to a directed motion of the particles at a rate 
depending on the diffusion coefficient. One experiment (Rousselet. J. et al. (1994). 
-Directional motion of Brownian particles induced by a periodic asymmetric potential." 
Nature 370-446-448) used microfabricated electrodes on a microscope slide to apply an 
electric field for tiie potential. TTiis idea is also tiie subject of European Patent Publication 
645169 of March 29, 1995. for "Separation of particles in a fluid - using a saw-tooti, 
electrode and an intermittent excitation field," Adjari. A. et al. The oUier experiment 
(Faucheux, L,S. et al. (1995). "Optical tiiermal ratchet." Physical Rev. Letters 74:1504- 
1507) used a modulated optical tweezer arrangement. 
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Diffusion is a process which can easily be neglected at large scales, but rapidly 
becomes important at the microscale. The average time for a molecule to diffuse across a 
distance d is 2t = d^/D where D is the diffusion coefficient of the molecule. For a 
protein or other large molecule, diffusion is relatively slow at the macro-scale (e.g.. ^ 
hemoglobin with D equal to 7 x lO"^ cm^/s in water at room temperature takes about 10 
seconds (ten days) to diffuse across a one centimeter pipe, but about one second to diffuse 
across a ten micron channel). 

Using tools developed by the semiconductor industry to miniaturize electronics, it 
is possible to fabricate intricate fluid systems with channel sizes as small as a micron. 
These devices can be mass-produced inexpensively and are expected to soon be in 
widespread use for simple analytical tests. 

A process called "field-flow fractionation" (FFF) has been used to separate and 
analyze components of a single input stream in a system not made on the microscale. but 
having channels small enough to produce laminar flow. Various fields, including 
concentration gradients, are used to produce a force perpendicular to the direction of flow 
to cause separation of particles in the input stream. See. e.g., Giddings. J.C., U.S. 
Patent 3 449.938. June 17. 1969, "Method for Separating and Detecting Fluid Matenals;" 
Giddings. J.C.. U.S. Patent 4,147,621. April 3. 1979. "Method and Apparatus for Flow 
Field-Flow Fractionation;- Giddings. J.C., U.S. Patent 4.214.981. July 29. 1980), 
-Steric Field-Flow Fractionation; "Giddings. I.C.. et al.. U.S. Patent 4.250.026. February 
10 1981, -Continuous Steric FFF Device for The Size Separation of Particles;" 
Giddings'. J.C., et al.. (1983). "OuUet Stream Splitting for Sample Concentration in Field- 
Flow Fr^tionation." Separation Science and Technology 18:293-306; Giddings. J.C. 
(1985) -OpUmized Field-Flow Fractionation System Based on Dual Stream SpUtters." 
Anal. Chem. 57:945-947; Giddings. J.C. U.S. Patent 4.830.756. May 16. 1989, "High 
Speed Separation of Ultra-High Molecular Weight Polymers by Hyperlayer Field-How 
Fractionation;" Giddings. J.C. U.S. Patent 4.141.651. August 25. 1992. "Pinched 
Channel Inlet System for Reduced Relaxation Effects and Stopless Flow Injection in Field- 
Flow Fractionation; "Giddings. J.C. U.S. Patent 5.156.039 October 20. 1992. 
-Procedure for Determining the Size and Size Distribution of Particles Using 
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n ^ jj- ^ 1 n Ti Patent 5 193,688, March 
SedimenuUon Field-Flow Fractionation;' Giddings, I.C., U.S. Patent b,l« , 

,6 1993, -Method and Apparatus fo, Hydrodynatnie Relaxation and Santple 
concentration in Field-Flow Fraction Using Permeable Wall Elen^enu;" Caldwell. K.D. 
e, al U S Patent 5,240,618, August 31. 1993, -Electrical Field-Flow FracuonaUon 
using Redox Couple Added to Carrier Fluid;- Giddings, I.C. (1993), -Field-Flow 
F^ctionation: Analysis of Macrcolecular, Colloidal and ParticuUte Matena., ^.ence 
,«,:,«6.14«; Wada, V., etal., U.S. Patent 5,465,849, Noventber .4 1995 Colutnn 
and Method for Separating i«cles in Accordance wiU, their Magneto Suscepubdtt^. 
None of these references disclose the use of a separate input sTean, to re<«ve p«rbcles 
diffused from a particle-containing input stream. 

A related method for particle fractionation is the -Split Flow TWn CeU" (SPLriT) 
process. See, e.g., WUliams, P.S., et al. (1992), -Condnuous SPUTT Fractionation 
Based on a Diffusion Mechanism,- W. Btg. Chen. Res. 31:2.72-2181: and J.C 
Giddings U.S. Patent 5,039,426. These publications disclose devices with charmeU small 
enough to produce lantinar flow, but again only provide for one inlet stream. A further 
U S patent to I.C. Giddings. U.S. Patent No. 4,737,268. discloses a SPUTT flow edl 
having .wo inlet streants; l»wever the s«ond inlet stream is not an indicator st^u, 
rather a p^-free stream. Giddings U.S. Paten. 4,894.146 also "5^"" 
now cell having .wo input streams, but no indicator stream. All these SPUTT flow 
methods reqult. flte presence of more dtan <»e output stream for sef«.ating vartous 
particle fractions, 

Nooe of U-e foregoing publications describes a channel system device capable of 
ar^yzing small particles in very smaU quandties of saniple which may also contain larger 
particles, particularly larger particles capable of aff.«ing the indicator used for Ute 
^ysis. NO devices or methods using irKHcator streams within the cell system devtce are 

described. 

Microfluidic devices aUow on. to «ke advantage of diffusion as . rapid sep«rt»ion 
medtanism, which also allows for efficient ».d precise detecdon of .he sep^ 
(diffused) particles. Flow behavior in microsttuc».res differs signiiic^tty from Utat m dte 
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niacroscopic world. Due to extremely small inertial forces in such structures, practically 
all flow in microstructures is laminar. This allows the movement of different layers of 
fluid and particles next to each other in a channel without any mixing other than diffus,on. 
On the other hand, due to the small lateral distances in such channels, diffusion .s a 
powerful tool to separate molecules and small particles according to their diffusion 
coefficients, which is generally a funcUon of their size. A sample stream can be m 
laminar flow with a stream containing an indicator substance, which provides a means for 
detecting an analyte which has diffused from the ^ple stream into the indicator stream. 

Weigl B.H. and Yager. P. "Silicon-Microfabricated Diffusion-Based Optical 
Chemical Sensor." Sensors & Actuators B - "Europetrode" (Conference) April 2. 1996, 
Zurich, Switzerland; Weigl. B.H.. HoU. M.A., Schutte. D.. Brody. I.P.. and Yager, P. 
-Diffusion-Based Optical Chemical Detection in Silicon Flow Structures," Analytical 
Methods and Instrumentation. ,TAS 96 special edition, 1996; Weigl, B.H., van den 
Engh G Kaiser, R., Altendorf, E., and Yager, P. "Rapid Sequential Chemical Analysis 
using Multiple Fluroescent Reporter Beads," ,TAS 96. Conference Proceedings. 1996; 
weigl B.H.. Hixon. G.T.. Kenny. M.. Zebert. D.. Dwinnell. S.. Buj. T. and Yager. P. 
-Huo^scence Analyte Sensing in Whole Blood Based on Diffusion Separation in Sdicon- 
Microfabricated Flow Structures. SPIE Prc^ings. February 9-11. 1997, J. Ukowatz 
(ed ) Fluorescence Sensing Technology HI; and Brody. J. and Yager, P. "Uw Reynolds 
Num'ber Micro-Huidic Devices," Solid State Sensor and Actuator Worktop. Hilton Head, 
SC June 2-6 1996. all of which are incorporated by refei^ce in their entirety, descnbe 
various devices and methods utilizing laminar flow and diffusion principles to detect tiie 
presence of and determine the concentration of various analytes in samples, e.g. . whole 
blood. 

U S Patent Application Serial No. 08/625.808 "Microfabricated Diffusion-Based 
Chemical Sensor." filed March 29. 1996 (now allowed). U.S. Patent AppUcation Serial 
NO 08/829.679 (Attorney Docket No. 6-96A) "Microfabricated Diffiision-Based Chemical 
Sensor.- filed March 31. 1997 and P.C.T. Patent Application Serial No. PCT/US 
97/05245 -Microfabricated Difftision-Based Chemical Sensor.- filed March 31. 1997. 
each of which is hereby incorporated in its entirety by reference herein, disclose a 
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microfabricated device comprising a laminar flow channel, at least two inlets in fluid 
connection with the laminar flow channel for conducting into the flow channel an indicator 
stream and a sample stream, and an ouUet. Smaller parUcles in the sample stream diffuse 
into the indicator stream, forming a detecUon area wherein measurements of a detectable 
property are made. These three applicaUons disclose methods for determining the 
concentration of analytes in a sample stream by detecting the position within the laminar 
flow channel of analyte particles from the sample stream diffusing into the indicator 
stream causing a detectable change in the indicator stream. Alternatively, the position 
within the laminar flow channel of the region where equilibrium of diffusion of the analyte 
from the sample stream into the indicator stream has occurred can be used to determine 
analyte concentration. Additionally, information useful for determining the concentration 
of analyte particles in the sample stream may be obtained by providing means such as 
specimen channels for conducting specimen streams from the indicator stream at 
successive intervals along the length of the laminar flow channel. Changes in the intensity 
of the signals from specimen channel to specimen channel may be used to calculate the 
concentration of analyte particles in the original sample. 

The devices of these three applications can be in fluid connection with a device 
such as that disclosed in U.S. Patent Application Serial No. 08/534,515 "Silicon 
MicroChannel Optical Flow Cytometer,- filed September 27, 1995, which is incorporated 
in its entirety by reference herein.which allows for single-file flow of particles and which 
provides reflective surfaces for detection of reflected Ught rather tiian transmitted light. 
The devices of these three applications can alternatively be in fluid connection with a 
sheath flow module as disclosed in U.S. Patent Application Serial No. 08/823,747 
-Device and Method for 3-Dimensional Alignment of Particles in Microfebricated How 
Channels," filed March 26, 1997, which is hereby incorporated in its entirety by reference 
herein. 



The use of quality control materials and internal standard materials is, of course, 
well known in the art. See L.A. Kaplan. Cjinir-al ChgmiStTY. 1989. 2nd ed.. The C.V. 
Mosby Co., St. Louis, which is incorporated by reference herein to the extent that it is 
not inconsistent witii the disclosure herein, for a discussion of previously known methods 
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,„ali,y con.ro, of a-alyUC ,«.„g is .0 .a.e .rfain .ha, each measure.™. perfo™=^ 
Jple h reliable. In general, in previously known meU,ods of using <,u^..y con«„ 

as described in Kaplan. CU^^. P- ^n. a con.., is n^asure^^ da,, 
: .r Shm, and can be p,o.,ed in a U.y.:ennings p,o. wbicb graphs .ees^ ..ed 
Le. average ± s»dard deviadons (on .he y-ax,s) versus dme, e.g., U>e day 

(1 vaxis). ^e .arge. value is .e esUn,a«d eo„cen«a.on of «,e an.y. 
l^res. L san,p,e wi.in a cerf^n degree of accuracy, because „„ an, g-v^^; 
1 measured con.0, va,ue wil, differ s,ighO, wi*in *e specifcaUons of ^ u,— 
calibradon, etc. H,= user mus. esubiish a Urge, value for each analyle b, regular 
2a»r, procedure. b,own in ^ ar.. However. *e — <»n«o, value should be 
"1 over «me. If .e c^nuol values slowly drif. down or up for *e 
n .ben .,is indicates a. e».. .f c^o. values show a sudd«, jump ,« *e v^ues 
Iried from one average .0 a.o.er. d,en U,is indica.es a If a sysiemabc b«s.s^ 
h,dica«d (a change in accuracy, or a change in precision is indicaud, *e user mus. check 
the reagenc. internal sUndards, and insmimeoBUon. 

AS described in Kaplan's QimaUa^la, ^ P"n»se of internal sBndards i, .0 
improve accuracy and precision as well as providing a check of ,uali«r conuol be«J« for 
L internal standard ba.ch, i. measured value (e.g.. deteclable proper^ — - 
Icen^a.™,. as determined b, an, of various detecdng means) should be «te same 



to 



over time. 



to previously known me*ods and materials for quality control and using ihter.^ 
standards, quaat, oo„». materia, were different ftom «,ose used for internal s^dards. 

SUMMARY OF THE INVENTION 
™s invention relates g«.erall, to microsensors ahd methods for analog 
presence an. concentration of sm.1 particles in steams eonUining -.ese 
diffttsio. princip,«. Ue invention is useful, for «>ample. for analyzmg blood «, 

J*e Icentration of small particles s.h as hydrogen. «-ium or ^emm .ons m 
. s«am containing cells, or for analyzing drinking water te detenn,ne rts punty. 
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This invention provides a device for detecting the presence or determining the 
concentration of analyte particles in a sample stream comprising: 

a) a laminar flow channel; 



b) 



at least three inlet means in fluid connection with the laminar flow channel 
for respectively conducting into the laminar flow channel (1) at least one 
indicator stream, the indicator stream(s) preferably comprising an indicator 
substance, for example, a pH-sensitive dye. which indicates the presence of 
the analyte particles of interest by a detectable change in property when 
contacted with the analyte particles. (2) at least one sample stream, and (3) 
at least one reference stream, which may be used as a control stream, an 
internal standard stream, or both, or as a calibration stream; 

c) wherein the laminar flow channel has a dimension (either depth and/or 
width) sufficienUy small to allow laminar flow of the streams adjacent to 
each other and a length sufficient to allow analyte particles to diffuse into 
the indicator stream(s) to form a detection area; 

outlet means for conducting the streams out of the laminar flow chamiel. 



d) 



In the simplest embodiment of this invention, a single indicator stream, a single 
sample stream, and a single reference stream are used; however, the methods and devices 
of this invention may also use multiple sample and/or mdicator and/or reference streams. 



all in laminar flow. 



-n.e methods of this invention are designed to be carried out in a device compns.ng 
microchannels of a size such that the Reynolds number for flow within the channel is 
below about 1. Reynolds number is the ratio of inertia to viscosity. U)w Reynolds 
number means that inertia is essentially negligible, turbulence is essentially negUgible. and 
tiie flow of the two adjacent streams is laminar, i.e.. the streams do not mix except for the 
diffiision of particles as described above. 
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A memod .s provided herein for detecting the presence and/or determining O-e 
concentration of analyte particle, in a sample stream, preferably a liquid stream. 



comprising: 



a) 



b) 



conducting the sample stream into a laminar flow channel; 

conducting an indicator stream, the indicator stream preferably comprising 
an indicator substance which indicates the presence of the analyte parucles 
by a change in a detectable property when contacted with particles of the 
analyte. into the laminar flow channel, whereby the sample stream and the 
indicator stream flow in adjacent laminar flow in the channel; 

conducting a reference stream, containing a constant concentration, 
including zero up to saturation, of reference particles, preferably analyte of 
the same type as ti.ose in tiie sample stream, which is a control stream, an 
internal standard stream, or a calibration stream, into the laminar flow 
Channel, whereby the reference stream flows in a laminar stream adjacent to 
the indicator stream in said channel; 

d) allowing analy.^ particles to diffuse into said indicator stream fiom said 
sample stream; 



c) 



e) 



allowing reference particles to diffuse into said indicator stream from «id 
reference stream; and 



0 detecting the preface or determining tl«concen.,adon of ^.alifte and 
reference panicles in the indicator stream. 

ne methods and devices of the present inv^tion provide for mnning a control for 
each sample simultaneous., with rumting the sample (no. only once per day or o,K=e per 8- 
hour shift as in previously known methods of ,uality control). T„e control «« >1» «rve 
as an internal standard. Ute internal standards of this invention do no, requtre an 
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exogenous material, i.e., material different from the analyte of interest. Because a 
control of this invention can also serve as an internal standard, the methods and devices of 
this invention provide enhanced efficiency of fluid analysis over previously icnown 
methods and devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic representation of flow of sample, reference and indicator 
streams, and the changes in indicator stream resulting from diffusion of analyte particles 
from sample and reference streams, in an embodiment of this invention. 

Figure 2 is a schematic representation of flow of a sample stream, two indicator 
streams and two reference streams, and the changes in indicator streams resulting from 
diffusion of analyte particles from sample and reference streams, in anoUier embodiment 
of tins invention. In tiiis embodiment the two indicator streams are in fluid connection 
with a single indicator stream inlet port. 

Figure 3 is a schematic representation of flow of a sample stream, two indicator 
streams and two reference streams, and the changes in indicator streams resulting from 
diffusion of analyte particles from sample and reference streams, in anoUier embodiment 
of tiiis invention. In Otis embodiment each of the two indicator streams has a separate 
inlet port. 

Figure 4A is a schematic representation of anotiier embodiment of tiiis invention 
wherein a plurality of flow channels are connected in parallel via a channel on the 
backside of tiie substrate, e,g., siUcon wafer. 

Figure 4B is a schematic representation of the flow channels of tiie device of 
Figure 4A and Uie inlet channels in fluid communication tiicrewitii. 



Figure 4C is a side view of 4B. 
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Figure 5 is a schematic representation of an embodiment with multiple flow 
channels in one substrate. 

Figure 6 shows a schematic representation of another embodiment of this device. 

Figure 7, comprising Figures 7A-7C. show an embodiment of this device wherein 
flow rate is controlled by employing a common (shared) pumping means. 

Figure 8, comprising Figures 8A-8E, is a schematic representation of five photo 
micrographs taken during use of the device of this invention as shown in Figure 1. 

Figure 9 is a graph of fluorescence intensity versus x-coordinate (position in the 
diffusion direction) of five experiments, wherein the sample stream contained 0, 2, 4. 6, 
and 8 g human serum albumin (HSA)/100 mL buffer, respectively. Also shown in this 
graph is the fluorescence of control streams containing 3.8 g HSA/100 ml buffer. 

Figure 10 is a graph of fluorescence intensity versus concentration of HSA (as 
determined by an art-known device) for both raw (uncorrected) data and corrected data. 
Also included is a calibration curve. 

Figure His a QC chart (Levy-Jennings) plot of fluorescence intensity of a control 
stream (control analyte detection area) for 20 different experiments. 

DETAILED DESCRIPTION OF THE INVENTION 
This invention provides devices and metiiods for simultaneously monitoring one or 
more sample streams while monitoring one or more reference streams. The reference 
streams are controls streams and/or internal standard streams. These devices and metiiods 
thereby provide for determining the concentration of an analyte in a sample while 
continuously caUbrating the device because an internal standard stream witii a known 
concentration of the analyte of interest may be in laminar flow with tht sample. Tliese 
devices and methods further provide for determining the concentration of an analyte in a 
sample with increased accuracy as a result of including one or more internal standard 
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streams in laminar How with the sample: fluctuaUons in light source, temperature 
changes, variaUons in indicator concentration, sample turbidity and color etc. are 
accounted for (subtracted out). These devices also provide for continuous monitoring of 
the accuracy of the system as a result of using a control stream of a constant 
concentration. 

As will be understood by those of ordinary skill in the art, generally, the more 
frequenUy a device is calibrated, the more accurate the measurements obtained thereby. 
The use of internal standards allows for maintaining accuracy of measurements despite less 
frequent calibration and/or for increasing accuracy of measurements related to the 

frequency of calibration. 

The methods and devices of the present invention utilize diffusion of particles of 
interest from one laminar stream into an adjacent laminar stream. Diffusion serves not 
only as a means of separating smaller particles from a sample stream, but importanUy also 
to facilitate detecting and analyzing such particles, e.g., determining the concentration of 
such particles, upon their diffusion from sample streams into indicator streams. 

Control streams contain constant concentrations of the particles of interest, 
preferably close to the estimated concentrations of the particles of interest in ti»e sample 
stream Preferably the control streams also use the same carrier fluid and other 
components as the sample stream. Control streams are used to indicate whether or not the 
device and/or detection system is providing consistent results over time, or whether the 
device or system needs to be adjusted because the results are changing over time. 
Generally, results within two standard deviations of the mean established for previous 
measurements of particle concentration in the control 5*ream indicate that the device or 
system needs adjusting. 

Internal standard streams contain constant concentrations of particles of interest 
which may be the same or different from the estimated concentration of said particles in 
the sample stream, or contain constant concentrations of anoUier (exogenous) matenal. 
internal standard streams are used as a basis of comparison witii the sample stream so that 
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) 



„,.n, nf mrticle concentration in the sample stream may be 
the results from measurement of parucle cone 

adjusted to take into account vanaUons in system pa^n^eters wh,ch act e^u^ ly 
l leam and the internal st^dard stream, .e term "-ren" 

Lasses both control streams and internal standard streams and m a preferred 
encompasses both co , . „^ 33 both a control stream and an internal 

embodiment, the same stream may be used as both ^ 

..ndard stream. When such a single reference ^^^^^^^^^ ^ „ 
internal standard stream, it will have the compos^on ^^^^^ ^^s as hereinafter 
K... The term "reference stream" also encompasses cal.brauon streams as 
above. The term .^^^^^^ ^i^^ particles 

described. The term "reference particles refers to paru 
to be detected and/or measured) in the reference stream. 

The reference stream can be monitored concurrently with the sample stream, in the 
7 hinLtion of particles of interest upon their diffusion into indicator 
"I J-I "^as control streams and internal standard streains 
:rd ir — s .n^l che. and for a— ^^^^ 
Lditions Which could lead to decrease! accuracy in J^^^f 

" - ^^^^ 
can alert the user that ^^^^^ ^„.,p of electronics or 

corrected. 

«nd m^hoas of *is invito arc .ore co„veni«.. » «r Oun 

r for .letting the pr«ence or determtataS «« conc»»attor of 

t,r;rCr^r.t:ve.LL.for,ess.^.caU.r.o«. * 
analytes in a sampie ikk^^ «.narate calibration runs 

J of this invention eliminate the necessity for separate caiiD 

devices and methods of this invenuo 

(Which may be dc«mi«d by «« ma„u«^ and may «.< «> be 
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TH the use Of interna] standards simultaneously and in the same 

valuK for a sample ai.d allow correction thereof. 

M « of the devices and .etltods of thi, invention is tHat one Ouid streain 

over previotn.1, known methods and devices for fluid analysts. 

,„ .he simplest embodim«,. (See Figure 1) wherein a single sample y. a 
m the simp conducted into a device of this 

;:rr:rr:;— Is. oasampiea..^;^^^. 

:l . .ffusion Of sample '^^:r:t:r'Z jL .to .e 

— r c:r,;r:r:-contro.s^,..- 

indicator stream. Because the ^ ^ ^^^j,^^ 

detection area. 

. .n,. value- refers to the measured value of a detectable property 
The term "sample value rerers w u 

substance in the control analyte detection area. 

^ ^„ «icn he taken in r^ions of the sample 

-::r:rj:r— ofade^.e.pe,.. Many^s^ 
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wk pg whole blood emits a very 

low level of (background) fluorescence 

background value reters lo The term "control background 

„«t in an analvte detecuon area. The term 
standard stream, i.e., not m an anaJyte .^^ 

in an analyte detecuon area. The term samp . ^^^^^^ 

p^peny in a re„cn of * '^^^ ,„„ , ^, „„ ^,«,able 

it or substanlially no analyte panid« I""' 

p^P^rty is deniable, i.e., no. in an analy-e de^cUon a«a. 

^ p^eterred en,bodinen. of *i. invenUon nUiize >i,uid .rea... alihou,. *e 
^ and device, are also suitable for use wi* gaseous sueams. 

^ ^ -deteeaon- as used berein — ^ iC^^d . 
substance is present. Tbe methods and .ppan.U.ses of th,s .nvenuo 
determine the concentration of a substance in a sample stream. 

as used herein means that the concentration is 
^ -estimated eonc».ra„on as^^ ^ 

known within a certain desree of accuracy. Preferably 

eoncentradon should be within ± two standard devtauons of the esom^ed, 

^ ^ -P^cles- refers to an, particuUte .Mterial including molecules * 
^ZZ. pardcles, ions and atoms. * parades can be organtc « 

inorganic. 

• nrinn oreferably calibrated prior to measuring a 
measurement using calibration streams. 
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.e™ -calibraUon sT^an," as used herein refers ,o a srream conrarn, g a ^ow„ 

Jl including a concenttadon of «ro, of ^ -alye of inures.. Cal.brauon 
concentrauo , Jiud ^ ^^^^^ ^^^^^ ^^^^ „ 

streams are used 10 delemune The eoncenlradons of a plurality 

fluorescence or absorbance, are graphed to yieio d ^ 

rd,e resulUng calibradon eurves denved d«ref..m, provide values of a 
streams, and die resumng caiiDi Calibradon streams 

detectable proper., » which a sample or referent can be com,»«d. 

,„ „ ,nd measured before or after sample slreams are run and measured. 

" Iraud before iu use and preferabl, on. once. Calibr^on ma, 
t r.^formed simultaneous., wiU, running the sample b, running one or more, 

or — n s^eams in .e s,s«m along wi.h .e sample s_. 

calibradon is performed «. amount for dte geometHeal parameters (— 

r^:::z«eon .ps a ^ . — r eT.:r:r 

can tte, calib^te a small pcr«n.as= of devtces n dns 

determine caUbradon curves wid, a cer«»n degree of acourae,. For example «1 

rirmine d,a. dte average flow channel ^dth («« di«nsion o,*og^ » *e 

:Lo„d^o...d..s.op«.^n^7^--l^. 

4% and dterefore may choose not to calibrat* the device. 

calibradon is performed by measur^g a detecuble pro,«.y e-S- , A^--- ^ 
. stream oonuinlng a Itnown co™«..radon of analyte. An, '^^.Z. ^^ > 
«y be monitored for sample measurements .na, be calibrated. A ca.,ba«»» 
J™, concen^don of a subs^nce which has a -^^^^^^^Zi; , 

secdons of d« flow channel *«7"::rbe f« 1 "f a 

^ e^r thtxt sinalvte The same device can aiw vcu 
calibration curve for mat anaiyie. 

„umb« of odter analytes, e.g., certain proteins. pH, cadons, vrruses. etc. 
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. hv fho.;e in the art, calibration streams can be general to 
As will be understood by those m ine ^v, ^ 

, , .oh. analvzed or a calibration stream can be specific to the 

analyte to be anaiyreo. „„pr,» art-known calibration solution, 

o« iv> :,nalvzed with a device calibrated with a general art known cai 
may be analyzea wim ^lihrated with a calibration stream 

L J Aitpmativelv the device may be caliDraieo wim a 

e.g.. rhodamine. Altemauveiy. t ^ , The choice of calibration 



and frequency. 



A manufacturer can perform c^ibrations so that a user need not calibrate the 
. • a I then can use internal standards to account for experimental condiuons 
device. A user then can u ^^^^ i„ addition to 

which could corrupt the measured values. A user can caiiD 
the manufacturer's previous calibration, if greater accuracy is desired. 

Xn certain embodiments of this inventions, a manufacturer may calibrate a devic. 

. viH. tiie user with the same number of calibration curves, for 
for various analytes and provide the user witn tn 

i« rjKse the user can input the anaiyte oeing 
examole in a software package. In this case, ine uwi f ...^^^n 

so U.= program co„M compare «,e ... » ^.r^ 



curve. 



i„p„< ««ple s«am nu, b= an, s«a« conuining particles, includi.! 

^.ImL™. s^. - — ;ti'2rrr 

immunoassays, drug »alys.s samples , can b. analysed 

™«siffUv conuminattd: pure dnnking water and nign b> 

rrLces and meO»ds of .his invention u> de^rmine eoncen«tions of >^ 

ITJZ con—, e.g., sodiun, ions in elean drin«ng .^.er and p^sm 

. ■ . .h. nH ihereoO Tlie analyle may be any smaU parade 

chemical solutions (to determine the pH tiiereot). J a™, in ttK 

i„ ti» input sample stieam which is capable of diffusing mto the md,cator stream m ti- 
ll e g , ox gen molecules, protons, calcium or sodium ions, pr««ns. e*, — . 
::2 mt ecul«, drugs, pesticides, and ot^ particles. . a preferred «nbod.ment 
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aeLon and mcasuremen. of smaller panicles by opUcal .eans. Urger part-cles .e^ » 
scI" * use. opucal deucUon .cans, U Is preferable .o -P--^^";^^; 
"II par^clesU smaller ^y. parades. Preferably .e -^^^IZ 

about 3 micro^e^s, more preferably no larger U«n abou, 0.5 m,crome»rs 
:::ZT^ no .ar^er ^ abo. 1,«X.,«K, MW, ^ more preferably no larger *an 
about 50,000 M.W. 

one or more reference steams <^ be run and measnred sim„l.aneo«,y «i* a 
sample slream. Is, one or more refer«Ke streams can be mn — » 

n„„ cl^nnel a. ^ same Ume as <and In laminar flow wi.b, ^'^^^^^ 
inaicalor s.eam,s). A sample stream is adjacent «, an indicant s.eam (on fl^^ 
.er«,f), and an indicator stream is adjacent („ dre ^^^J^^'J^Z^ 
Ttat is, both a sample stream and a reference stream are adjacent 



Stream. 



control streams provide for oualit, control cbec^ on vanons F-"- *^ 
aevices and methods of this invention, including now rate. Qualtty control W of *e 

(depth) of the peak intensity measured versus the satnple number. 

Alternative.,, quality control of sample flow rate can b« achieved by u..« .he 

^e pumping means, .g. . motor, to pump the sample ^^"^ '^^^ 

r. u of the device In this embodiment each of the inlet ports can o 
laminar flow channel of the device, m u ,^^^re 

with a syHnge. and each syr.ge can -^J"T:^:::Z^, 
„^t flow rate. A fluctuation in flow rate of U«= sample stream wd 
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apparen. b, noUng a co.«po„d,ng HuCuauon in «.= con.ro, s.rea.. Again, a QC pio. 
JTy-iennings, of either me measured con.ro, stream's a„a„.e concemra.,.n or *e 

posiUon ,x<oordina«, of *e control stream pea. versus the samp,e number 
provides an easy means for checking control stream flow rate. 

Because both tl« sample stream and the reference stream(s) are pumped by Ae 
same source, then the «ow ra. in one stream is dte same as the flow rate in another 
,r^. ™s assumes mat no bK^kage of the iniet Channels is present. Therefore .. may 
be preferable «> include a flow rate sensor in each inlet channel to conflrm flow rate 

consistency. 

The terra -controlling for flow rate" as used herein refers to determining that a 
^p,e stream is flowing at a given (desired, flow rate by monitoring the flow rate of a 

control stream. 

T„e t«m -internal standard st^" as used herein refen to a stream containing a 
constant, estimated or known concentraUon of parUcles. preferably ™.yte^^.«^f 
int^t. T1» inter.^ standard prefer^ly contains analyte parucles o the s^ 
^ 1 e . o, the same chemical and motolar structure as the arralyte pamdes m the 
r;ie stream. For example, if the analyte to be ana„«d in the sample s.r«m .s 
calcium ions, then the interrial standard stream contains a constant concenh^hon of 
calcium ions, "nte term -e<»sta„f as used l^rein means substan«y un^-^ng^ 
Although an exogenous »bs«nce, i.e., a substance absent from the sann,.e, may be used 
TmLred as r^erence particles in the interna, s^dard stream, such an exog»ous 
^ need not be included in the in^ sta.^ of this invention be»u«U» 
internal standard particles are no, »Med ,0 the sample stream as m pnor art methods b„, 

rlured^aUte-". "ZT^ 
„ the concentrad™, of ^ reference partiCe of interest is measured m the «^ 

standard analyte detecHon area in the same fl^ channel 

p,„P«„ ,s Jlred in the samp,e analyte detection area. Tlte ratio between Ote Mer 
I^d the former value may ^ determined, sample value/intemal standard value, « 
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internal sundard value/sa.ple value, .0 provide or correered value for deur^iuing sample 
concentration,e.g., by comparing to a calibration curve. 

Using tbe raUo of tbe sample value to the internal standard value provides a 
method of accounUng for or compensadng for, i.e.. correcdng for, certain experimental 
conditions which could decrease the accuracy of the measured values, e.g., variattons m 
light source intensity over *me, variaUons in dye intensity (e.g., dye bleaching), variattons 
in now speeds be^v=en one sample run and .he next. Running U,e internal standard in the 
same flow channel at U,e same time, i.e., in d,e same run, with the sample provides tha. 
the same experimental conditton, arc affeaing boO. d.e internal standard stream(s) and a,e 
sample s,ream(s), and .0 .he same degree. Accounttng for *ese experimenUl conditions 
increases .he accuracy of Ute measured values for .he sample sueams. 

To furfter check U,e accuracy of .he measured values of the san,ple streams, the 
ratios of .he sample value to the internal sondani value (preferably using .he san,e 
concentration in each internal sundard stream) for a pluraliW of samples can be graph,^, 
yielding a line or curve of conected values. A conttol stteam can be run and measured, 
along wiU, tt.e same internal sundard. TTe ratio of te conttol value tt, tt.= mtemal 
sundard value should fall on the graphed line of corrected values. 

Oher maftemattcal operations can be performed on tt,e dau collected from such a 
de«ce. For example, fte following ratios are usefi.1 for improving ti» accuracy of ti« 

sample's measured value: 

(sample value - sample background value)/(reference value - reference background value); 



((sample value - sample background value)/(reference value - reference background 
value)}/indicator background value; and 

(sample value - indicator background value)/(reference value - indicator background 
value). 
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,„.e™. s«da,a per ^p. a.,ows for even ^'-^^' -^IZs Z.^^. « 

- — — x~ : - 

0,, aruay.. »>dmn. «s, may be p ^„<«,™i„„ of sodiam 

a high —ion of »K<.» »s. *e * r a ^ 

«e,„ .f .e .amp. '^^ ^^^^^^^^ L«„^„„s of 

^„ wood "^J^ ^„^„ „r osi., »o iofe^al 

concentrations of those same wooa i~ .^^^ 
,^<,a.ds is .he case whe. a sample is anaiy^ for .wo 

,„a. senrm a,bun.. (HSA,. In .his case, d,e ^^^^^^ ^ 

Cannei. On one side of *e sample stteam ,s -"---.^^ , „ 
p^sence and cor-nuaa™. of calcium ions, on *e od.r of .^e -P 

.w^h indicates Ike presence and concenttauon of HSA. unui 
indicau-r sueam which md,ctes .he p ^ 

* of *e ^icium Mca» sueam ,s an '"-^^ 
preferably known, concenuaflon of calcum. On U» se«».d 
is an internal s^ndard s«a™ eonuining a consun., preferabl known, conce 
HSA. Thus, mere is an internal sUndard sttean. for each analyte. 

^ oml^dimenu wherein .wo or nore interna. — - used foramen 
.e, mus. be co.p»ed » *e c^braUon "^Tjr : I iTs^dard 
curve is «,ual.y accurate for *em. --^^^^ opera«ons U. be 
values is equally close u, *e calibrauon curve. * ^ Xs de^ 0. 
perfonn^l on «,e sample values and a plurali., 0 -temal 
Thed^r Ute calibradon curve is «,«ally accurate for each of *e plural.«, 

Standards. 

„ ^ oalibratton cur. is -urate ..r each of *e plu^i^ of n.^ 

.^^ds, *en, for e«n,p,e. .e sample val. can be divided ^^^^^^^ „„ 
....values Among UK various maftemaecaloperaoons which can be perto 

rl jT^- ci Wherein «vo internal s.a„dards are run »i«. one sample^ 
0 iri::va,uecan.divid.byeachof.e.wo,.easur«.intemalsU.KUrd 
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, AUemaUvely fte .wo internal s»dar<l value, can be averaged and U,en .he 
values. Al.ema.>vely, me . , ^se in .he art undersmd. *e cho.ce of 

sample value can he divided hy d..s aveoge A, ^ > 
„a,hema.ic^ operadon . be performed on Ore «mpie v^ue wuh 
values is d,cuud hy d,e .na*e.^acal operadon ..rformed on U,e ^, « 
■ ,^al sundard values when deBrmining U.e calihnnon curve » he used. d.e ,ntt 
r^^d r^are used n..en.dcall, in *e same way in e.h case, whe.er . 

^ r.r ^nrri^tinff a sample measurement, 
dewrmining a calibrauon curve or correcong samp 

, u no. eauallv accuratt for each of the plurality of internal 
,f u,e — — "J^; „^ ag^nst the 

— • ^-^t 7 ' :l cal funcdon descHWng the reladonship 

calibraUon curve for *e dev.ce, d.en die mad.eraau 
^^een d,e in^al sundard values can be .naU,emadcall, ..nlced, e. by 
Implicadon » U.e funcdon describing Ute calihradon curve, u, y.eld a corrected 
: r cu«. .n general, a calibradon curve ^ a cer^n degree ofa^^y 
..nacer^con— X:::ZZ7^n2. ... . 
^tration J^2::r„r:"»>Upl,ing the fducdon .c.Hh.g .he 

irp^irl rttemal sta.^- valu. b, ^ oH.nal ^^^^ 

ita ciee. . ^-^:::zz. 

relate it to an internal standard value, e.g.. by divimng u y 
relate u lo a" » internal standard values to 

^ A i.« 5f th*" calibration values were divided by internal SUU1U41 

standard value, if the calibration dimensionless number which can 

oecompaieu j ™ h,, v^is of Ihe calibradon curve, and the 

the dimensionless number B found on d-eyaxB 01 me 

corresponding x-axis (concentraion, val^ is r.«l fron, U« eal*rat.on curve. 

,„ one en.hodl.en.. bod. a high and a low co.cen«ation of ^''-^^ " 

.^.is«drorca...,adonand,.rsan..cor««ion. ^'^^^^XL.^, 

• • „ 'J in and 15 R/lOO mL HSA are run and monitored tor iiuor 
streams contaimng 5, 10, and 13 g/iw 

• • » 1 «/inn ml flow) and 18 g/100 mL (mgnj are 
standard streams <^«n« 3 > .^^^ ^ ^ ^ ^ 

simul^eousl, run and « — ^ ^^^^ ^ 

calibration streams (contaimng 5. 10, ana & 
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- f th. low concentration control stream plus the Ouorescence 

irnrnr— ™. - --Ti » . 

5„ followine way: the entire channel is floodea wim a 
1 1 Viae *. *ou,a, ci— , . a un.o™ 

(CO-, for, re^"- .e op^ca. s,s.. in « sa.p. 
measurements with multiple streams. 

„ ^ co^pcsiUo^i, «e,™. -ea. ^ J^;^; ^ X 
aiffcren, inaicator s«am. are used. »o reference »ean«^ » 



sample stteam diffuse tt^igl. me reagen' a«an, tlK, are changed 
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,„ anomer em^in,e«. an Wica.0, ™ can inCud. a reagent wh,ch e e.^^ 

"allv reae. wi>h an ana.y.e in a san,p.e » fonn a product wh,ch ,s derecred 
e g., chemically reac.. y ^ 

another Indicator stream An e«m ^^^^^^ 

,„am. of different composttton ,s a devce havtng fo 

^iHHi,. ctrpam is an indicator stream containing a reageni. 
flow wherein a middle stream is an i ^^^^ 

on the far left of the device is a sample stream of blood, the str 

Mlcaror ..ream contatnmg pH senstnve d ^ 
.ream ^ are clged ro glnco. add 

" r :3hy rp« dye L d. g,nco.c acid molecules dlf.se i«o .he 

Xltl! Olulnle acid moieties from ^ co„.ol stream also dif.se mto dte 
indicator sir ^^^^ ^^^^ ^ 

l^ieator stream, m "^^^^^l ir.ica.or srream nea.es. d» 
^red. 7;~:i;tJonarea>l.ica.esd.amoun.ofglu.^^ 

as a «pali.y conBol) check of flte sample's measured vah>e. 

Tie sys^m can also incWe an i»iica«.r s«eam inmxluced in» one of d« in.« 

111 . Uquid carrier con^irung »bs«a.e partcles ^ as polymers or heads 

H lr lm.ce immohiBzed d^reon. as disclose! in U.S. Pa«m 
having an md.ca.or subsm^e .mm ^ . seria, Number 08/621.170, 

^Ucauon -Ptaoresce™ reporter B«^f«P^y»- ^^^ 
ir, J A^orrh 10 1996. and mcorporated m its enureiy oy 

filed Marcli /u, i^w. «uiu r . , ^ „^ i,roft enoueh (have small 

• ^srator mbstance immobUked thereon are large enougn yiu>. 
pardcles havmg ^ ^ i^«,r sheam is ^ghgible 

e«„gh diffusion coetfic^nh.) « to M j^^, 

a, mos., i.e. , no. ^bsuntial. Tta •■I""' ■=™=' ^„ 

„„«,Wa of acceotine particles diffusing trom ine saa^it^ 
substance and which is capable of acceptmg p 

Pr^frrred indicator streams in cases where the sample is wnoi 
reference streams. Preferred mdicato nmssure as whole blood such as 

..n,T,rise water and solutions having the same osmouc pressure 

comprise water duu » , , M«n KCl or MeCI, or oi^amc 

- a sai. — ^-j:- r^;:::: je„ ^ ^ 

solvents like acetone, isopropyl aiconoi, ciumx 
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does not 
means. 



.„erfere w,U, U,e e« of d>e analye on ^ ind,ca,or su« or demotion 



„ u,e concen«io„ o, a™,y= paniCes is high, i.e.. high e,K,ugh » »«ra,e 

detection area where ^re is a leal excess of indicator parttdes. tte .eadtng =dg 

the — Of *e anaiyte detection area and the indicator streM,, t^^^t 
Zof the anaiyte detection are. fatthes, fro™ the strean, front whence dte analyte 



particles are diffusing. 



Caiihration strean. contro, strean^ at. interna, standard s^ » 

. r^€ thp analvte of interest, i.e., tney may oe 
^^ntatnincT a known concentrauon ot the anaiyie ui u 
streams containmg a Known ^^cnpct to their purpose 

eo^po^itionany t. satne. They differ an™. '^-^ ^J^J^ 

— - *e.en.,y th. -'rnsions and sp.ir.c de- of the 

^ devices Of .Ms ^ ^ for a given 

device such as Channel width. Calibration can o f ,„uen 

device. ^ ^p,^ measurements are taken. 

device and is performed before, atter or a g „^ fluently Internal 

If neater accuracy is desired, calibration can be performed more frequently Inte 

If greater accuracy expenmental 

standard streams are used to account for. i.e. . subtract 

conditions which comipt the values measured; they are run the ^ - 

new Channel as the sample. Control streams serve as a ^^^^J^^^^^^ ^ 

measured values and preferably a. run at the same tmae and m the same 



the sample. 



A given s««m ntay serve boU, as a con™, stream atKi as aa internal stan^ 

3^ ;„r e»mple> an er^hodta^ wl»reh, .1^ are t^ in^- ' 
stream. P ^ ^^^^ , 

sample stream, an ■"'■^ ~ _ ^ „^ ^ „t a detectable 

esttaated concentration of the analytc of mtetest m 
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„„pc«, can serve as an interna, s^nda... e.g.. me sample value can be dm.ea b, U,e 
el s-ara (.rerence, va,ue „ eo.ec, ro. ex.nn,e„,a, co„ci..ons. Hence one 
Lnce s.a. can .e. aa,a ,a .easured «ec* va,ne, „Mcb c„ se.e .^^^ a 
,„„^, a^ an .n.™, -nOara. O, cou«, U ,s prefe«b,e .0 ^«'^°-— 
standard stream and a control steam, so Urat the conttol stream can be corr^ted by 
Ittnattca, ntanlpulatton us., d. nteasured value of t. interna, standat. s^eanr. 

ne term -latni- flow cha,^." as used herein n^ a channel which aUows for 
Uminar flow ,».er hydr«.y.amic eo^itions. deftned by viscosity and fl.,w speed. For a 

of ,ive„ d— , lami., flow can 1. achieved for a ,i^ of cerum 
^Ityaiflow^. —of .he dev. are Chosen 

- ^ — eii" r^aT eC rrr:— a 

analYte particles to diffuse from a sample stream, and from a reference 
:r^^ s"rs»ean, conuh. analy. parades, and have a dete^able e^ on 

- earor aubstan. or detecUon n^, P«-. « ^^^J^::,:^. 
preferred emhodhnents of this invention, fl« cha»=l length (L) (see Ftgu« 

1 5 tnm ar-d ab^. 50 n,-. 11« channel depth (dXdif^ion airecon, . pr^fenh^ 
ZL about ao .ic^^rers and about X „». * ^ JX:*:!' 
relative,, deep, e.g., at leas. ab»r. 2«, micrometers, which mal^s 
it^iea Jfluorescenc^ with sin-ple optics, ar- -ess Ui^ely for parades 0 dog me d^i- 
U» dranne, can be .nade as shanow as possibie whUe avoidmg doggu« ^ 

:Z:^ par-Ces beh. nsed. Th, cha^, widd. (.h. — "^^^ ^ 
depd, ,„„e,^) is s«U enough » aUow lanunar flow of mo ^ U^"-^ 
p!Ll, r^^- than about one »i,.hne«r a^ n,o« preferably bemeen !«• 

::::Lrab..«o micros. 

whid, cruah^ Mood cells as Urge as ab«< 20-30 n»cron.e«rs, p^ferahly .he dep* 

the T-joint is 50 micrometers. 

Per a given flow speed, *e -na, flow d»«, can be made ,ong enc«gh .o 
allow d« indL^r, reference, and sample streams to reach e^rium wi* respect . 
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the analyte particles within the channel. Equilibrium occurs when the maximum amount 
of smaller particles have diffused into the indicator stream from the sample stream, 
calibration stream and/or reference stream. Alternatively, for a given length of flow 
chamiel. the flow speed can be decreased to provide time for equilibrium to be reached. 
Minunum and maximum flow speeds can be determined by routine experimentation by 
those of ordinary skill in the art. For example, the settling rate of cells must be 
considered when determining the minimum flow speed for biological fluids containing 
cells, e.g.. whole blood. Additionally, shear rates must be considered as they are the 
speed at Jhich cells are moving slowly enough that their interaction with the channel 
walls can become greater than the force the fluid applies to the cells to keep them flowing 
down the flow channel. Furthermore, in cases where two or more fluids with different 
viscosities and velocities are in adjacent laminar flow, lysmg of cells is a possibiUty 
resulting from an abrupt change in flow speeds (velocities). It may be preferable to avoid 
abmpt changes in flow speeds in adjacent laminar flow of fluids, for example in cases 
wherein the flow rate is so high that shearing forces are great enough to affect or damage 
analytes or other particles, e.g. , lysmg of cells, in the sample which would lead to 
interference with measurements. 

The device of a preferred embodiment of this mvention (see Figure 1) comprises 
chamiel grooves in the form of a "f or having a central trunk and three branches 
etched into the surface of a siHcon microchip, which surface is thereafter covered with a 
glass sheet. The central groove is formed of the trunk of the "t" or and the 
branches are the mlet means in fluid connection with the laminar flow channel for 
respectively conducting the sample, reference, and indicator streams into the laminar flow 

channel. 

Devices of this invention may also include more than three inlet branches in fluid 
comiection with the laminar flow channel for conducting a plurality of inlet streams into 
said chamiel. These may be arranged in a -candelabra"-like array or may be arranged 
successively along a "crossbar" for the "f or the branches of the "*- configuration, the 
only constraint being that lammar flow of all the streams must be pi^rved. 
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Inlet means include the inlet channels or "branches" and may also include other 
means such as tubes, syringes, and the like which provide means for injecting fluids into 
the device. Outlet means include collection ports, and/or means for removing fluid from 
the outlet, including receptacles for the fluid, means inducing flow by capillary action, 
pressure, gravity, positive displacement (e.g., pumping by syringe pumping), 
electroosmotic (electrokinetic) pumping and other means known to the art. Such 
receptacles may be part of an analytical or detection device. 

Devices of this invention can comprise external detecting means for measuring a 
detectable property or a change in a detectable property. Detection and analysis are done 
by any means known to the art. including optical means, such as opUca! spectroscopy. 
Other means such as absorption spectroscopy, particularly visible but also ultraviolet and 
infrared; fluorescence; by chemical indicators which change color or other properties 
when exposed to the analyte; chemUuminescence. which is known by those in the art to 
refer to Imninescence due to chemical reaction - all light measured is that emitted, no 
light is introduced into the system, and examples of chemilmninescent reagents include 
"lucigenin" which emits luminescence at certain (high) pH. luminol. and luciferins. 
Other detection means include immmiological means; electrical means, e.g., electrodes 
inserted into the device; electrochemical means; radioactive means; or virtually any 
microanalytical technique known to the art including magnetic resonance techniques; or 
other means known to the art to detect the presence of an analyte such as an ion, 
molecule, polymer, virus, DNA sequence, antigen, microorganism or other factor. 
Preferably optical or fluorescent means are used, and antibodies, DNA sequences and the 
like are attached to fluorescent markers. Changes in an mdicator substance carried 
within the indicator stream as a result of contact with analyte particles are detected, as 
weU as backgromKi (baseline) measurements, e.g.. background absoibance of the 
indicator stream or of the san^)Ie stream. 

Preferably the detection means allows for spatial resolution, i.e.. aUows for 
locating the position at which a detectable property is measured. One can monitor the 
entire depO. (diffusion direction) of tire flow chamiel to identify the positions of each 
analyte detection area. For example, a linear diode array detector provides optical 
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.\.r. thp fiiffusion direction (channel 
intensity (detectable property) as a function of posmon m the diffusion 
inreiu>ii> V" /r-rn\ ramera allows the user to select a 

H.ofh^ Alternatively, a charge coupled device (CCD) camera 

including the edges, can be monitored. 

a=.c,., .eans c . - device o"^» ^«*^ 

n,nvP^ Dreferably automatically, with respect to the detecting means. Ai 
:::tgC : .0... .e device IS statio^ry. and measurement are ta.en as .e 
detecting means moves with respect to the device. 

AS discussed above. *e methods of this invention include conducting sample and 
„ streams in laminar flow in a flow channel with an indicator stream and 

the p^sence and.r concentration of anaiyte and referenc parucles m the 
indicator stream. The methods may also mclude: 



measuring a detectable property in a 
obtaining a sample value; 



sample analyte detection area, thereby 



measuring the detecuble property in a 
obtaining a reference value; 



reference analyte detection area, thereby 



25 



. th. reference stream is an internal standard stream, correcting for 

OB constancy of *= Kfeicncc panicle value over ume. 
^ can a,.«1vc„, or In a^iUon. an, of ^ following s^. 

wKen ^ ret««e s«am is an inumal m^rd ^. "easnring U. *ec»ble 

background value; 
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when the reference stream is a control stream, measuring the detectable property 
in the control stream, thereby obtaining a control background value; 

measuring the detectable property in the sample stream, thereby obtaining a 
sample background value; 

measuring the detectable property in the indicator stream in a region of the 
indicator stream where substantially no analyte particles have diffused into U, 
thereby obtaining an indicator background value; 

correcting for experimental conditions (improving the accuracy of the sample's 
xneasural value of analyte) by performing mathematical operations chosen from 
among the following: 

i) subtracting the sample background value from the sample 
value, and then dividmg this value by the reference value 
minus the reference background value; 

ii) dividing the quotient from step i) by the indicator 
background value; or 

iU) subtracting the indicator background value from the sample 
value, and then dividing this value by the reference value 
mmus the indicator background value. 

As wUl be readily apparent to those of skill in the art, variations on the 
mathematical operations performed on the values determined by devices and methods of 
this invention are possible and faU withm the scope and spirit of this application. 

n,e flow speed of the input streams (streams introduced mto the device) is 
preferably between about 0.05 and about 50 mm/sec. Without wishing to be bound to 
any particular theory, we beUeve that in some cases it may be preferable for the sample 
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^ ■ t Hiffprent rates For example, in cases of low test 
ar^d indicator streams to be flowmg at different rates, 
sensitivity .herein the sample contains a very low concentration of analyte an 

p^perty is inherently small, e... . a low Huorescence ^^2: 
.dicator stream is flowin. more slowly than the ^ ^^^^^^^^ , 

— ^ - 77::~ Td^ ^^^^^ 

particles for a longer penod of time, i.e., each ^^^^ 
analyte particles because the latter move past the ^ 
is it preferable to have sample and reference streams pumped by same mo 
indicator stream pumped by different motor. 

^hmM in tlB iaiicator stream or m an maicacor sui»i.u. 

change in ik u . ^ ^ rt,^ vtositv of fluids can be changed, e.g. , by 

Will be understood by those tn the art, the v»co W of A 

addition of high ntoleeular weigh. po,y»=rs »ch as htgh «J 
Changing the viscosity of fluids changes fl>e velct, a. which they flow und 

pressure. 

^ n..^ Of 0. e^bodhnent of .his .vention include -be use of 
.hsta^e Which is i— on a P---^;^rr-:.°:Lion 

nf the indicator stream is negligiDie. i.e., u 
rhet measured The h^cator su^sunce is preferably — 

=:.r:.dyeso^— ^r^^^^ 

0 stream caused by the analyte particles are used. 
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) 



Advantage, of *is sys,™ include .he tac. ma, analyes in mrbid and suongly 
Jluol - a. Hocd, can . de.ennMed op.,ca,>v w« .e need P„o. 
fiUering or cenmft,ga,ion. C~«ies of indicator dyes to large, samp, 
Ipo en. (a contmon p,ob,en„ can be avoided because d,e larger pamcles do n . 
din L «ca,or stream if *e during «h.ch d,e stream, ate n, con.c, » 
rr„o. Utterfere wiU. de,ec.on of *e analy.. A,—, sucb cross.se„s„,v. 
::llon„,ed fo, by reference steams (n,.ma, standards,. ~ ^ 

Tvlce aad method of this inver^on is d,at because of the smal, depths ,d,«bs,o 
Of ^ now channels. ,he an^yte parades travel ve. ---- 
.easuremen, can be made, thereby allowing measurement ,0 be made m httle tnne. 

The indicator can be Icep, m a solution in which it displays its optimal 
baracte^ti s (e g cross-sensitivities .0 pH or ionic sheng* can be suppressed by usmg 
rr^^r—. tn ad.tion, ti,e „ow channel can be deep ,t 
1, o measure ti^Wicator fluorescence wid, simple optics. No membran=<s, 

Xting sample and indicator a. reference streams . ne^; - 
subiect u. biotouling and clogging to membrane sysKms. The .yatem also 

referel or indicau,r stream conations and/or flow ra«s can be ™,ed 

Signal be^^cecd. ^^'^ ' '-'^ '^^^r 
„r reference stream and a reagent in an indicator stream ytelds a detectable 
:::;"arrt U seconds, .h. system cn be adjusted so ti. the teaction product 
will be detecBd in die central portion of the devBe. 

The method can be co-tacted b, a contim<»s flow-ti»«^ of sample, reta^tce 
^ indicator s^ams. The steady-state namre of .bis method mates longer «gn.. 

integration times possible. 

Devices of this mvention may be febricated by microfahrication meU»ds Imown to 
art ? as exemplifted he«in, a med,<. comprise formi. channe. m a sdrcon 
:elp ™ch as by etching grooves ^ ti« ^ace Of - — - 
placing an optically transparent, e.g.. ^, cover over ^^^"^'^ 
Yager, P. 'Low Reynolds Number Micro-FWc Devices' SoM State Sensor ^ 
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A«ua.or Workshop, HiNon Head, SC tone 2-6. .996). Precision rnjecrion molded 
plaste may also be used for faWcadon. A lid, preferably of an opdca.ly clear marenal 
such as glass or a silicone rubber sheer, is sealed on.o dre eiched subs«are. Od.r means 
for manufacruring U.e devices of .his invemion include using silicon sfnrcmres or odrer 
materials as a templaU for molding or micromachining U« device in plastic, and other 
tecluuques known to the art. Precision injection molded plastics to form the devices can 
also be used. Microfabrication techniques are known to the art. and more parUcularly 
described below. 

The devices of this invention ate prefetably microfabricated devices. The term 
■microfabricated- refers to devices capable of being fabricated on silicon wafers readtly 
available to th«e pracdcing the art of silicon microfabricaUon and havmg the featutes, 
sizes and geometries prc«lucible by such metht^s as UOA. thermoplastic micropattem 
transfer, resin based microcasting, micmoldtag in capillaries (MIM.Q, wet iso«>p. 
and aniso^opic etchi^., laser assured chemical etching (lACE). and r^cdve ion etchu^ 
(EIE) or other techniques known wtthm the a« of microfabrication. In the case of 
.mcot; microfabrication U«=r wafers wUl acco-nmodate a ptoUt, of ti. dev,^ of th. 
invention in a plurali^ of configurations, A few standard wafer sizes are 3 . 4 6 and 
8-, Application of tite principles presented hetcta usmg new and emerging mKrofabnca- 
Uon metirods is within the scope and intent of the claims hereof. 

The devices of this invention and the channels theteto can be sized as determined 
by dre size of the particles desired to be detect., AS is know, in the art. the dift^ion 

c^efficiem tor the analyte particles is inversely related to the size of tite particle 
is substaMially linearly related to the size o, ti. part^le. Once the diffuston cc^fficten. 
for the particles desired to be detects, is known. ti„ contact time of tic two stieams. s^ 
of the central flow chant.=l. relative volumes of the streams, pressure arri velocmes of the 
rtreams can be adjusted to achieve the desired diffusion pattern. 

Fluid dynamic behavior U direcUy rela«:d to the Reynolds number of tire flow. In 
micmfabricated devices, if the velocity decreases as the chants. 1^ (»»ete the devtcc 
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. assun-ed .0 wo* ,„ a fxe. a, a« .a,es,. U,e„ Reyno,.. nu^b. vanes . 
proportion to the square of the length. 

The Reynolds numher is the ratio of inertia, fees to viscous forces. As the 
„ ou^her ,s reduced, flow patterns depend ntore on viscous effecis and iess on 
flltffects. Beiow a certain Reynolds ™.her,e.g., about . (based on iunten s^ 
for a system of channels wiU, bends and hunen size changes), inertUI effects can 
r„.i U, be ignored. The nticrofahricated devices of this invention do not re,u,re 
eLts o perfonn their tasts, and tl^refore have no inherent Itaitt on tl^ir 
inertiai eucv i~ A„„iicimts' device designs, while 

miniaturizaUon due to Reynolds number effects. Applicants d g 

significantly different from previous reported designs, operate in thts range. Tltese 
^^ILilted devices of Utis invenUon ret^ire laminar, non-mrbuUnt flow and ^ 
accordhtg to the foregoh. principles to prt^uce flows havh« low Reynolds 



numbers. 



devices of the preterted Ciubodiment of this invention are capable of analyzing 
. ^p^Tf a s. hetw^n about O.Of micro^ers ar. about .0 mi^U.^ few 
^nds eg., within about three seconds. They also may be reused. Clog^is 
rlla»>— . ^.withthed— .mCd^'y^^ 

, i-innnT/c for example, mdicate a KeynoiQs 
fwidth^ With fluids flowing at a velocity of 100 nL/s. for exampi 
'IZ I - PW« Of 0.2 so that die fluid is in a regime where viscosrty domma.es 

over inertia. 

By adjusting the conflguradon of *e ctan^-s in accorda.ce wi* *= prWp.« 
discusJ abTe to pn,vide an appropriate cha.«. .=»^. ^ ™ 
blithe sample -•'or calibration streams and the '^'^^•^ 

d« pa^es remait^ h. ^^^^^ ^ 

Zt coll^l. ^ <^ "^"i- - ^ as a funcaon of the 

«• ■ , „f the narUde D and the distance d over which the partKle must 

:r ::r: mce^les that .v. dlf^on coefr.cients^.« than 

Z Le in» the st.«m, a. partic. or molecdes h^^^ d*.ou^^ 

, T> n «/^t Tf th(* diffusion coefficient oi tne larger 
coefflcient substaatially smaUer than D will not. If the diftusio 
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the large particles. 

,„ some embodim^. of *is .nvenUon, channels of .his — have hydrophilic 
.rtaces fo facm^fe flow of U^id and al,o. ope..ion of the device 0. 
for oressurizaUon The subsfnB may be ««..ed to enhance surface-wemng 

hydrophilic^ TKe Ud is may also 1. ueated to render it hydrophrhc. 

Means for applying pressnre ,0 the flow of .he fluid steams through the device 
be provided at the mlets ports and/or the outte, (=.8.. as vacuum exerted by 
2t or mechanical means,. Means for app.y^g »ch pres^re are Icnown to t^ art, 
™le as described in Shoji, S. and Esashi. M. (1994), "M^flow devtees and 

Micromecl^c and Mic^ngi,«e,ing, 4:157-171. and include the use of a 
iZ'of wat« or other means of applying water pressure, elecuoendoosmouc orc.^ 
ZZ:L gravi^tiona, forces, a. ^ace tension forces. Pres^r. '0 

,0 about 10 psi may be used, depending on the re,uirements of the system. 
;:reratyaboua...psiU,^. Most preferred pressures are .tween about a mm a.. 

about 100 mm of water pressure. 



The magnihtde of the pres»e drop ^ to obtain an average veloci^, v. of a 

• „ ,nH density 0 through a circular chamiel Cength, 1, 
fluid with absolute viscosity, u, and density, p. tnr gu An Introduction to 

„ d) can be calculated from PoiseuUle's Uw (Batchclor. G.K.. A^im^l^ 
Pljjid^^jjamics. Cambridge Univ. Press 1967). 



p ^ 32T1V 



, «^ H - 1 00 urn we get a pressure drop equivalent to about 0.3 
Using V = 100 /mi/sec and d - 100 fim, we gcu « i; 

of H O per cm of channel length. PoiseuiUe's equation is only strictly valid for 
rlfi w— .echan.lsofthisinventioncan.vecross-sec^ofv..^ 
Ce.g.. wedge-shaped and —any rectangular, in addition to cir^^^ Thus. 
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in embodimenls with non-circular cross-sections, 
only as an approximate relation between the variables represented. 



Poiseuille's equation can be considered 



When a ,„u,d is i„.od««i ta,o a devic a,« is a, « ^ effective pressure, P. 
. P + P.. equal .0 U.e sum of U,e applied pressure. P., ar.1 a pressure due .o .he 



surface tension, 



St 



_ ycosQ 



^ u ft ;^ thp mntact angle of the fluid with 
P is a furKtion of the surface tension of the fluid, the contact ang 

^ surface. 9, and the radius of curvature of the fluid surface, r. 

For hydrophUic surfaces, cos 6 U close to 1 . a... for stnall chanr^ls no applied 
pre J s nLed to we. dre device. This is referred » as -.euins »P-^ - • 
Cver once device is complexly wet. o« has to consider Ure surface tenston a 
riarea. .„ ^ device descHhed h, dre «a»p,e hereof, .e --f c^"J^ 
^ „uid ih me exit area was several nullim«rs. so that dte pres^re due «, the surface 
tension was negligible . 

WiU, a ctar^el dep* of .00 ^. p. is 1 c of H,0. so surface to^ion^ 
^ eZn is significa.. How.^, us^ an e.cha« ^ as EPW F-Etch as descnhed 

Which att^ the ,100, plar^s of silicon, nteans that co„«. as e^a. 
!: sha;p as Shown in a. fi^. Uis resu,« i. a gradual wid«.ing of dre chann.1 to 
about 1 mm which reduces *e efftc of dK surface tenSKKL 

AS Show, in Fi^ 1, . ^vice of this invention, in ^ form of a -f U prov^, 

in Th/» device can be microfabncated, tor 
referred to herein as reference T-sensor 10. The device can uc 

rr;. ., etchhtg on a sU^ m^ or hy micromachin^ ^^^^^ 
oTnot necessarily he a "t.- or . Any angles he^een dre chamois dM be 
Tril^ also -fnce so lo^ as lami.^ flow is maintah^d. As discussed *ov. 
fabncatedwu ^^^^^ m this embodiment, it is necessary only that 
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^, ,™,„. «o„ (Reynold number ,ess U,an a^u. 1, is — U ror aU „ 
condiUon.. The s^ple conuimng smal. panicles of imeres,, sample .ucm 80, ,s 
Lu^, ia.o ihe device .trough sampie ..a. port 30. fron, whence flows ™ 

s.ea. * en., .0. AO «ica« s.a. ,0 is io.o i„ .~ 

i„,e, port 20. from whence ic flows i„.o indicator sTeam inie, char^el 40. A reference 
3^ ,5 is brought in.0 referer^e stream irtet port 25. Detecting means 150 . 
stream „ ^ , , „ ,h„ve or below the channel, so that it can 

positioned relative to the flow charaiel, e.g., above or beiow 

detect a detectable property, e.g., fluorescence or absorbat>c=. 

sample stream 80, reference stream 75, arKl indicator stream 70 meet at 
coniunction-joint 58 a. the hegWng of flow chants, 100. a.^ ^ ^ ^^^ " 
parallel adjacent lami.^ flow to exit port «. at tte end of flow charmel lOO. * 
^c to La 7. contains a. indicator sub^arKC such as a dye which reacts wtth 
rrP-icles in ^ sample st^ 80 and reference stream 75 producing a detectable 
Change in physical properties. Indicator stream 70 is shown by hortzonta sMmg, 
whcL sample sn^ 80 and reference stream 75 are shown ^r-'^^^Z 
opposing directions in Fi»^ ..Due to low Reynolds number m .he small flow 
rne, 100. no tt^e^-^uced m^g occurs a. three - p^le. to 

each other without mixing. However, difhrsion does act perp^tdtcular to th^ flow 
direcUon. that is. p^rpet-icular to the long* te, so analyte partrcles m the 

.ample st»m aad refe«nce «ream diffuse to the nght «,d left, respecttvely. mto 
iTcLr stream 70 and ma, evenmall, become u^ortnly d— across the wrdth of 
flow chaniKl lOO at unifonn analyte panide diffeion area 120. 

indicator stream 70 flows iBto flow chan.«l 100 to fon» an itutial reference area 
85 ^ Which atulyte partic.es have not yet difhtsed. A^yte particles tan^e^ 
^ «, diffl.!.. i«o i».i-or stream 70 forth a sample analyte de^on ^ 40 
Where analyte par«c,ea create a det^ble change in i»Ueator -^^^'^^^^^ 
causing a detectable change it, property in an ...licator substance wtthtn ^ .»hcator 
^^70. Analyte particles from refe^st^am 75 diffusing into ind^ ™ 

form a refers a-alyte detection >^ US „l»re analyte particles create a d^- 
d«nge in indicator stream 70. Particles of an mdicator substance, e.g., dye paflKles. 



PCT/US97/21258 



WO 99/05512 



37 



„.ay also diffuse into sample stream 80 to form a diffused indicator area 110 (not shown). 
If this change m local concentration of the indicator substance is a problem m some 
applications, its diffusion rate can be made arb.trarily small by immobilizat.on on 
particulate substances, e.g., polymers and reporter beads. Polymei. such as h>gh 
molecular weight dextrans can be used to immobilize indicator substances, thereby 
decreasing the diffusion coefficient of the indicator substance. The molecular weight of 
the polymer is preferably about 1.000 to about 100,000 g/mol. Immobilizing an md.cator 
substance on a polymer such as a high molecular weight dextran also increases the 
viscosity of the indicator stream. High molecular weight polymers are generally less 
likely to adhere to the cham^el walls than are beads, which are also used to immobiloe 
indicator substances. 

to OB reference T-seBOr 10 ot Figure I. a sample slream 80, e.g., blood, a 
reference s.ream 75 and an indicator sBeam 70 confining an indica»r dye are joined at 
tatenecdon of sample stream inlet channel 50, reference stream inlet channel 55 and 
indicator stream inlet chan«l 40, wid, flo» channel 100 (i.e.. conjunction-joint 58) and 
now laminarly next to each other in flow channel 100 u«U they exit the strucmre at ex.. 
p„„ 60 small ions such as and Na* diffuse rapidly across the diameter of flow 
chamicl 100, whereas larger ions such as a dye anion diffuse only slowly. Urger 
particles such as sugars, proteins. a„l the like show ,» significant difteion widtin the 
toe the indicator stream 70, reference stream 75 and sample stream 80 are to contact 
with each other. The smaller sample components difB.se more rapidly and would 
eonmbrate closer to coquncdon-jotot 58 than do larger componems, which would 
eouiUbrate ftrther up in flow channel 100 in embodta»nts with flow channels long 
enough or flow rates slow enough to allow tteir equmbmUon. As diffusion proceeds up 
*e cham«l, sample analyte detection area 140 and refete«e analyte detecUon area 145 
are formed. 

He analyte detection areas 140 and 145 can be as large as necessary 10 provide a 
detectable indicator signal. Similarly reference area85canbe made tobeas large as 
..ecessar, ,„ provide a deteeoble refere«e background value. Adjusm»nts of these areas 
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^ -e as descried ner=,„ ba.d o„ the dtf^sion — s of *e a*.e 
indicator substance, flow rates and chanitel sizes. 

Tie present or co«e.tra.to„ of an analyte of tnterest in a sample stream can be 
.etermin^ by cotnparin, t,. santpfe stream's — vaiue 
detectable proper^, e.g.. vtsibie absorba.ce at a certan, waveiength^ 
,.,„e of a calibration streant, a eon.o, st^ or an interna, standard sBe» (refe^ 
M B, ntor^toring the refetence stream simnitaneousiy wi* and in tbe ^e ^ 
Zel as tbe sampte stream, the reference stream ^ sample stream are snb^t to tb 
"rimental conditions, .tCudins tbose co^itrons wMcb conld lea to decreased 
Iracy in Ute sample, measured value, for instatKC a fluctuation In Itgb. source 
ZZ. Botb sample stream aM .be refere.^ stream are exposed to ^ same 

ZL: dte^fore, tbe effects o, tbese interfering condiUo. are corrects, for 

(subtracted out) . 

Pi^ 2 sbows a device of tbis invention ^berein .wo indicator str^ 70A aM 
,„B flow ^0 now Channel .0, from a common (shared, indicator ^^^^ 
...eby leading to two laminar flows of (1. same, tadica«,r stream "^'^ 
adlacl. to sample stream 80. Wcator streams 70A and 70B and sample stream 80 a^ 

aug„ll a.d bor^n. shad^g, res^«vel„ ^ ^^^r 

1- n\v^ ciHewavs "S") and sideways 8, respecuvci^r, m 
A TTO arp <ihown bv wavv lines (like siaeways* o y 

CI . S^rstL. M contains smaU molecule, of >s brought * ^ 

^ L7^ Sf^ inlet pon 30, " ^ 

Hi 50. lea.™ stream 70A and TOB are br<»gM .«o 
:0, f^m wbence the, now into ir^ator stream inlet cbatmels ^'^J^^' ^ 
„ e^nce streams 75A »Ki 75B are br«.gbt into reference stream mlet po«s UA^ 
^re^pecavely. Reference streams 75A a„. 75B ma, be of *e same or of d.ffer«^. 
JX ri ™. ma, contain a high concentration of the artalyte of irUerest^K. tbe 

r:;::u.ow:ncen^o„of..^of^^-^^^^^^ 

in Figure 2, is positioned relative to tbe flow channel, e.g., above or bel 
so tat i. e«i detect a de.«»able proper,,, e.g.. nuorescence or absorbance. 
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TCA r.«H 7<;r and indicator streams 70A and 
Sample stream 80. reference streams 75A and 75B, and maicaiu 

70B meet at conjunction-joint 58 at the beginning of flow channel 100, and the five 
streams flow in parallel laminar flow to exit port 60. Analyte particles in the sample 
stream 80 and reference streams 75A and 75B diffuse into indicator streams 70A and 
70B Analyte particles in sample stream 80 diffuse left and right (perpendicular to the 
direction of flow) into indicator streams 70A and 70B to form sample analyte detection 
areas 140A and 140B (shown in Figure 2 by "X"). Analyte particles in reference stream 
75A diffuse right (perpendicular to the direction of flow) into indicator stream 70A to 
form reference analyte detection area 145A (shown in Figure 2 by circles). Analyte 
particles in reference stream 75B diffiise left (perpendicular to the direction of flow) into 
Licator stream 70B to form reference analyte detection area 145B (shown m Figure 2 by 
triangles). By adjusting flow rate and flow channel length, equilibration of difi^sion can 
be accomplished. 

The device to Figure 2 provides for reference sueams to be to l^mi,.^ flow 
wiO, .he san^ie ..re-. For example, <^ referee s»eam can be an to«mal sundard 

conuins a Icnown or -esUn^^d' cor^nuaUon of *e analy« of m^. 
The measure value of a de.e«able property for the sample (sample value), or preferahl, 
plnrality of santples. is divided b, tl« measured value of a detectable property fo, an 
Lemal stat-ard (internal stared value,. 11. inten«l standard «mctions to correct or 
(subtract out, e^rime«a. conditions which would ott^rwise decrease the accuracy of *e 
measured values. T1« other ,cfe,e«e stream can be a control stream, wtach al» 
^ a known or estimated cot^entrado. of analyte of inte.es., a.^ » otewtse 
:Lcal » *e satnple. T*e con.rol serves as a (..uali. eon»o„ cbec. of .he 
eoncentration of dte analyte in the sample. Bo* mealed vatae of a detemb = 
property for *e sample (sample value, ar. for the con»l (comro, value, are ^b, 
JZ^ value of a detectable prt^ tor ^ interna, sut^ 
value, n-e determir«d conc^ntradon of t.« analyte in the sample, obtamed from me 
rlLd value Of a detectabie property for ^ sample (sample ~ 
.he measured value of a de«ctable property for the control, i.^., ^ should both tave 
rhTLslmiUr deviation from d^cahbraUon^rrve. As will be ap,^ » d- 
^ art. if more than one internal standatd is us^, more compHcated .nathemaocal 
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operafoB can be perfonned on me dala obtained by device and meftod of this 
inven.,on ,o improve .he accunc, of d,e detennined concenu..io„ of analy.= in a sample. 



Figure 3 shows a„od.er embodiment of the device of thts invenUon wherein two 
indicator streams 70A and 70B flow ,n laminar flow adjacent to sample stream 80. 
indicator streams 70A and 70B are shown by diagonal shading, whereas refere«e streams 
75A and 75B and sample stream 80 are shown by horizontal shading, unevenly and 
evenly spaced, respectively. Sample stream 80 contains small particles of interest, and ts 
brought into the device through sample stream inlet port 30. (ix>m whence it flows mto 
sample stream inlet channel 50 and then into flow channel 100. Indicator streams 70A 
arKl 70B are brought into mdicator s,«am inlet potts 20A and 20B. respectively, fron, 
whence they flow into indicator stream inlet chamtels 40A and 40B. resp«.iv.ly. and 
to into flow cham«l 100. Two reference streams 75A and 75B (of the ^ 
composition in .his example) are brought in.o reference sueam inlet ports 25A and 25B, 
respectively. From reference stteam inle. ports 2SA a,.i 25B. fte mo reference srr^ms 
75A and 75B flow im refe«nce s«am inle. channels 55A and 55B and ten in,o flow 
Channel 100. A deKc»r (no. shown in Figure 3) is positioned relative to the flow 
channel so that it can detect a detectable property. 

sample stieam 80. ref««e stieams 75A ar^ 75B. and mdicator steams 70A and 
70B mee. a. conjunction-join. 58 in flow channel 100, and tt« five s^ams flow m 
paraflel lamhur flow » eri. port M. Amlytt particte in te sample stteam 80 and 
refere™^ stieams 75A «>d 75B difluse i«o indicaBr stieams 70A mi 70B. Aritd^ 
particles ir, sample soeam 80 diftec left and righ. ta» i„dic.»r stieams 70A and 70B 
respectively. » fonn sample ana,y« detection areas 140A and 140B (shown in 3 
by circles artd triangles, respectively). Analy« panicles in reference streams 75A and 
75B diffi.se righ. and left, respectively, into stteams 70A and 70B » fonn 

reference analy« — areas 145A a.Kl 145B (show, in Figure 3 by s,^ 
■.■s ■ respectively). In this embodiment, as in one b Hgure 2. b, adjusting flow 
raB and flow cham»=l size, equilibration of difftu,ion can be accomplished. 
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• - P cn^re ^ nrovides for two indicator streams to be in laminar flow 
Thf* device m Figure 5 proviuc^ lui iyt^ 

The device i s ^^^^ ^^^^ ^ 

with the sample stream and reference streams. For example. 

, t. of interest e E human serum albumin, while the other 
on inHirator for one analyte 01 interest, e.g., uui 

LI^l.. CA). nay be adjaoe. .a„^ «ow Mca»r s«=a.. 

Fi™« 4A shows an emb<K.imc« o, to mv=«io„ wbe^to a pluxali^ of T-sensor 
a. flu. co^ecuo. wi* one anC^r via „^(o. Une «. Fi^ 4 *ows a 

e>gh< flo« ch^U !««. U»o each of whieh flows 1, an indicator s.^ a^ 
rXnce s^ean. (in seven of .e ei,h. flow — , o. a sa„.p.e » o«o 

ciuici a « t_ inn r*»fprence stream mlet cnanneis 

^\.\ T« Pimire 4 flow channels 100, reierencc au^oi^ 
th^- piaht flow channels), m figure ^ u^w v.ii«i*" 

*; I s^^le s^ean, inie. ci^l 50 are unsi^d^. a.- are al. in one p^^e o ^ 
irjT if ihe s„hs«» is siiicon, ^ wafer is etched san. dep* for ail of 

>^e, channeU 40 are Shaded (di^onai sh-.,) ar- - « '^o*" 

t one Which is difleren. fro» d. flrs. pla« co«aining ^ flow channels. Tim 

^ . fah^ca. h, e.hh. c^^; ^Z. e. , 

u ic« «nd sample stream inlet channel 50 from one side/tace 01 m 
chaimels 55, ana sampic buw«^ jn/iirator 
suicon wafer and .he indicator s,rean> irde. port 20, -foid In. 
^ « channeis 40 from .he od.r sidCf^ce of 6e s»bs«a. ^^^^J' 

ho.es 8S con.^. .he channels (I0«, 55 a». 5.) e.ch«. on one s,de of ^ 
^ „ d« channeu (40 41) etched on ^ ou. aide Of d« ^ 

lecaon is Via T-Joh. S, with h^cator^ ^^l^'edl .e 

is sealed to loth sides/faces of ttie subsBate. Holes an: lonn 
parent cover ts s«aed» ^ „ ^ p„sitio,«l so that they 

mmpatent covers to provide access to po 

do not cover the ports. One or more detectors are postuoned relauve »^ 
„ dtat Changes in a detectable property in each flow cha»«l can he detected and 

monitored. 
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,„ u„s e^bodtaem a p«,„ (e.g.. seven) of refe^nce s.ean,s are brought ,.,0 
refe^nce sr^am « poru 25, fron, whence .he s.ean,. flow too referee .rean, ,»>« 

,s 5S, a,. .e„ ,„.o flow char„=. 10«. The sa.p,e sueam is hrou.h. ..o sa.p,e 
*I inle. por. 30. wherKe .he samp, stream flows i«o sample stream .n3e. 
:Z SO, L .e„ ..0 flow cha^e, .0. Bach flow chamre, ~ — 
s„eam in laminar flow wiO, eiUrer a reference or s^ple stream, Tlte streams e tt 
ZTgh exit ports .0. In this embodhnent. each flow chamtel 100 is corrected . an 
nUam inlet chan.1 40 an. either a reference inlet chamtel 55 or sample s^ 
TL.^ SO Via a T,o., S,. Bach indicator stream inlet chapel « — .» a 
manifold 11. 41, allowtag one indicator st^am h.et port 20 .0 feed a plnraltt, of 
indicator streams into a plurality of flow channels JOO. 

Figure 4B is shows a seoion of the device in Figure 4A, i.e., it shows sample 
.trcam h.et port 30, sample stream inlet channel SO, flow channel 100. 
eonnection with them, and exit port 60 .11 etched in one pUne ftom one stde of a sOtcon 
::r. Also Shown <h, dotted lU.es indicating the plane hehit. * 
thus etched from the other side of the wafer) are indicator stream mle. port 20 and 
toetchedltom The !=m.nle stream inlet chamrel 50 is connected wtth 

indicator stream inlet channel 40. The sample stream Biihtsuch 

• :^;«t which comprises hole 88. tigm sucu 

the indicator stream inlet chan.«l to v,a T-joint 59 whtch comp 
^ons are connected in parallel fashion in the device in Figure 4A. 

Pi^ 4C is a Side view of Figure 4B (Figure 4C shows what the device of Fi^ 
4B rotated^ 90 degrees on an axis along flow chanr^l 100). Sample stream ,nl« p^ 

Z ,1^ eLds tUb a flrs. s«e of the wafer subs^) and sample stream mlet 
30 (which extends mre g ^ 

channel 50 (heavier lines) are closer to vtewer. How channel 100 

i^et charmel 4. are in ^. ^ - sao-ple ^^^^J^^ of 

U^igh hole 88. Mcator stream it^e. po„ 20 (dotted line) extends to the other stde 

the wafer. 

The «nbodiment shown in Figure 4A pn.vides for simultar»=o«s multiple 
referencing while runnin, aM moMtoring a sample stream. « is — 
i^cator need he ht^uced it^ only o« Micato, stream inlet pon 20. One detectmg 
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„,ea„s can be ^ Co m-or aU eigh, flow *-s .00. If g.a,=r „>agn.f,caUo„ i. 
,es,re., U,.„ U may be prefenb,e .0 employ .ore ^ one de,ec,o. A>,e™a,,ve>y. tbe 
.evice can be ™oved in a continuous fashion such m one dececor can be used .o 
monitor .any Oow channels a. high .agniflcation. However, because each refe^nce and 
sample scream is in a different flow channel, some experimental condrtrons, e.g^ 
difflces h, flow rates, camtor be accounted for (subtracted out,. In thrs embodnnen. 
, preferable ,0 monitor the flow speed in each flow channel, to assure that .» cloggmg or 
..Lge has occurred in one flow eham.1, which could lead to undestred flow speeds m 
the other channels. 

The entbodtatent illustrated in Figure 4 has dte advantages of using the same light 
^ electroMCS. and fluids (e.g.. indic»r soluUon). Variations in any of these can 
Z: decreased accuracy of measurements. PurU^r. ^ multiple separate mlets allow 
for more accurate and indepet^ent control of flow speeds of .he various flutd streams. 

Figure 5 shows an embodmtent of d« device of this tave«ion, similar to d^t in 
Pigur. 4 except that .he« is no tnanifold line comtocting .he i,>dica.or stream inlet 
,1,. Pigure 5 Shows a device wi.h eight flow chamois 100. in» «ch of w^ 
flows an ir^cator stream and 2, either a refere^e stream (in six of d« etgtt flow 
Zl) or a sample (in two of the eigh. flow In B^re 5 flow cbanne. 10« 

" stream L ^ 55, and san,le stteam inlet channe. 5. are unshade^^^and 
~ L plane of fl. — c.g., . d« ^ sUicon, waTer is «^ .o 

«,e same depm for .» of *se element. McaU. str^ i.=i« 
^ inlet cbanr^U 40 a. shaded (diagonal shadittg, and are in me same plane . »ch 
^ ,u. o„ which is differem ftom *e fim plane co,^ ^ flow channels, etc. 
Uke * emhodimen. in Fir« 4, this emb^« can be fabricate by etdnng flow 
d,3n„els 100, — stream inle. chan.«. 55, and sample stream inlet 
from one side/face of ^ suhs«ate. e.g., silfcon wafer and the ind.ca.or s«am * 
por. 20 and i.,iica.or stream inlet cl^ls 40 f^m U« other side/face of *e subs^t^ 
^Iwafer). A transpaten. cover is seal«. to both sides/faces of subsnau. Holes 
are formed in *e transparent covers . provide access por.s or Ore cov^ a. 
posiUon^ so U.. Utey do no. ccv. *e poru. U^e *e embodmtent shown m F«nre 4. 
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,He en,b«iin,=„. shown In Figure 5 a„ow. for .onitonng of a p,nra,t,y of How channe. 
wilh one detector (not shown in Figure 5). 

,„ .his emWimen. a plurality (e.g., six) of reference streants are brought into 
„fe„nce strean, inlet fro. whence tf. « flow into .ferencc strean, ..et 

ch^^teis 55. and then into flow change, .00. San,p,e streains are brought ,nto ^ ,e 
strean, iniet pom 30. front whence the sanipie streams flow into sanapie stt.™ ntle. 
channeis 50, at. U.n into flow channe, IC. Bach flow channel ,0« contau^^. 
indicator strean, in latninar flow with either a reference or sample stream. 11.= strums 

exit ports eO. .n .his embodhnent, each flow channel m — - 
Iltor Lam inle. channe, .0 and ei««r a refcret^e or sample s^am channel (55 
^ 50, respectively) via a T-joint 59 and a hole 88. 

Figure 6A and 6B show other embodiments of this invemion, wherein streama are 
introduced into pom a. described ^ shown above, hut which contain cor«ibu»n, flo» 
channels .05A and lOSB, which conn«t the inlet chamois «> .he flow channel 100. 

1, the emhodh„«« Shown m Fi^ 6 rcfere... sireams 75A and 75B are brought 
into reference str^ inlet pom 25A and 25B, f^m whence the stress flow^o 
reference ^ hUet ch».ls 55A and 55B, then hito contHhutory flow channels 105A 
^ M5B, and then i«o flow channe, 100. A sample stream U brought into sample 
stream in,et port 30, from whence ^ sampte stream flows hito samp,e sueam ».« 
cl^l 50, the,. in» co«rthutor, flow chan«, .05B then into ^w ^^<K.. 
Micatt. strean. are hrou^ into indicator st«m intet pom 20A and MB, from 
the streams flow into i^licator stream iMe, Channels 40A and .OB, then m. 

Ltributory flow cham.U 105A, and dten into flow channe, 100. The strea,^ are m 
conmouiuiy The contributory flow channels 

laminar flow from the inlet ports to the exit port 60. ^ contnbu ry 
105 A and 105B need not be angled as shown but naay be straight or angled at a deferent 
angle so long as laminar flow is preserved. 



channels 



Changes h. a detectable property can be monitored in both contributory flow 
105A imd 105B and flow chamK, 100 by detecting devices. 
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Quamy control of n„» ...e can be pcrfon^d by 1) plomng a QC char, ,s« 
P.„ JTbe ow, ana/or 2, ns>ng . con^on. i.e., ^ared pulping n,eans ,o pun,p ^ 

conunon pumping means in some embodimenls. 

R^re 7A illusua.es an embodunent of me device wherein separate pumping 
L for each input stream. Pumping nteans ISO pumps an indicator stream 

;:rrrm..chan.,.. -P'— " ^IHT ^ 
L .own now channel 100 through syringe 105. reference stream mlet port 25 a»l 
ana down flow p„„pi„g means 160 pumps sample stream mto and 

reference stream inlet channel ». r p 6 . , . m „vi samole 

ao„„ flow Channel 100 through syringe US, sample stream ,nlet port 30 attd sample 

Stream inlet channel 50. 

Pi^e 7B illus^ates an altetnative enthciime- of the device wherein a sha,^ 
. „s is used for sample and reference streams. Shared pumptng nteans 170 

:::::::::r:»dipies«am^a.down„„wch^uoo. Pump. 

^eans 150 pumps an indicator stream into and down flow Chan,.. .0«. 

Fi^ 7C mustratcs an altemaUve embodimem of ^ device wherem a shared 

• Illl used for samp,., i>»licator ^ refete^e streams. Shar«l pumpmg 
pumping means IS usea lui souip ^ ctream into and down 

„eans 170 pomps a ref«et« stream, indicator stream and sample stream m 

flow channel 100. 

t^e use of a shared pumping means, c.g., a m«or. assures that each s«am 
pumped by soch means is subject to the same pressure. 

U ^, be preferable to momtor the now tatc to each inle, channel to ma.» certain 
^, jL:lJnt.onowhasdevelop«l,e.g., Cogging, and that aU steams are 

flowing at the desired flow rate(s). 
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Nume™. embodtaen. besides tee me„„o„ed herein will be readily apparent .o 
U,„se sidlled in a,e ar, and fall wiOun U,e range and scope of *,s .nvenuon^ All 
references eired in ftis speclflcaiion, and all references elted ,n sneh ..ferences are 
incorporated in dreir encirery by reference herein ,o 0,e extent not ,nco„s,s»t erewtUt. 
The followhtg examples illustrate the — , but are in no way intended to hnttt the 



invention. 



EXAMPLES 



g^el. Fabricationom frrence T-Sensor 

^T^o-mask level process was used to fabricate a reference T-sensor dev.ce of tins 
invention on a silicon v.afer. m refer.,Ke T-sensor device had a flow channel m 
_ers deep and 20 mn. long. Three inlet channels were formed as grooves 30 

A TniAt rhannH and flow channel width was 5U 
long and 200 micrometers deep. Inlet channel ana now 



micrometers. 



Tte first mask level defined the inlets and exit ports, which were etched 
completely d^tgh ^ wafer to the rear side of d« siUcon. second ,e.e, defined the 
fluid transport chaiinels, i.e., the inlet channels and flow channels. 

Fonr inch chrome masks were made to these s,«ificaUo» b, Photo Sciences, Inc. 
CrorraBce, CA) and 3" wafers ((!<»}, .^We) with 500 nm of SiO, grow, on them we« 

used. 

wafers were cleaned in a Pi«nha bath (H.SO, ^ Hfli (2:1) before processing. 
A primer (HMDS spun at 3<»0 rpm) was used to enhance phototesist adl-eston. 
About one ^ of AZ-1370^F (Hoecha) pho«>r.sist was deposited b, spm coaang (3000 
rpm), airi this was followed by a soft bake (30 min at WQ. 

A contact aligner was used to align a^ expo, wafers. Exposure time was vaned 
to yield best results. No pos..xpo.re bake was done. Wafers were dceloped m AZ- 
351 (diluted 4:1) (Ho«*st) for one mimtte at^ ri,s«l in DI water. Bh« tack tape 
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(Semiconductor Equipment Corporation. Moorpark. CA) was applied to the backsides of 
the wafers to protect the oxide from the oxide etch. 

The wafers were immersed in a buffered oxide etch (BOB, 10:1 HF (49%) and 
NH F (10%)) for eleven minutes to completely etch away the unprotected oxide. The 
blue tack tape was removed by hand, and the photoresist was removed in an acetone 



nnse. 



Silicon etching was done in a mixture of ethylene-diamine, pyro-catechol, and 
water (EPW F-etch as described in Reisman, A., et al. (1979) J. Electrochem. Soc. 
126- 1406-1415) set up in a reflux boiling flask. This etch attacks the {100} planes of 
silicon at a rate of about 100 an hour. Fluid attachment ports were etched m the first 
step for about three hours. Photoresist was again applied, and the mask contaimng flow 
channels between fluid ports and the barrier region was exposed. Tlie wafers were 
developed and etched in this second step for about one hour. 

After final processing, the wafers were once again cleaned in a Piranha bath and 
rinsed in DI water. They were then diced into individual devices about 1 cm by 1 cm. 

Anodic bonding according to Wallis. G. and Pomerantz. D.I (1969) J. Appl. 
Physics 40:3946-3949. was used to attach Pyrex glass to the sUicon devices. One mch 
square pieces of Pyrex glass (100 ^ thickness) from Esco Products Inc. (Oak Rxdge 
NJ) were used. First, the silicon and Pyrex glass were inmiersed in a solution of HA, 
NILOH and H,0 (1:4:6) heated to 50«C. Tins process removes any organic matter on 
the surfaces and also makes the surfaces hydrophUic. After 20 minutes in this soluUon. 
the silicon and pyrex were rinsed with DI water and dried. Anodic bonding was done at 

400''C with 400 V applied between the glass and the sUicon. 

rr^^-^-^r ^---"-^ the Conce_naatiQnofHl ^^n S.n,m Albumin in a 
ppfprffTiri>. T-Sensor 

Five 0 1 M AMPSO (Aldrich) aqueous buffer solutions (pH 7.4). with 0. 2. 4. 6, 
and 8 g/100 mL of human serum albumin (HSA) were prepared from analytical grade 
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cH=n,ic.s (A,dHc«. .su^ng soIuUo. we. use. c«„secu.lve,y a. 
T.e aM,y.e ,ues.»„ » mis experi^en. was HSA. A soiuuon of Hue es«„. 

L.Lca« dye AB5S0 (Mo,ecu>ar P..s. Bu.ene, OR,, was *,ed a fac» o, 
,0 wiU. Ke same 0.1 M AMPSO buffer so.uuon, and used as an iudicator stteam. BCl, 
a —ially available plasma conlaimng 3.8 g/.OO mL HSA, was used as a co„m,l 
stream. A flow speed of 50 nUsec was used. 

The reference T-sensor device (Figure 1) was attached to the stage of a 

so that the flow chan.^1. from ^ T-jomt up to about 500 .m from the T- 
ioint was in the view field of the objecUve. The inlet ports ar»l the outlet pon were 
Imtected to injector loops and to upright tubes which were filled with wa- -^' 
was a pressure differe,« of 30 mm water column between the inlet ports and the o„U« 
p^rt. L inlet ports were exposed to identical ptessure so that the three s^ P-^ 
I the middle of the T-ioi„t, and were flowing panllel .0 the ouUe. port. One mjec» 
l op was fined with BCl control solution, a seco.. loop was fUled ^icator d,e so^^. 
Ja dtird loop was filled with one o, the sample solutions. The loops co«amed enough 
volume to operate the device for roughly one hour. 

After afl three injection loops were allow«i to flow into th« refere«e T-sensor 
device and after 1 min of equilibration and flushing time, photographs wete talcen 
Zgh a camera attachment on the micscope. The exciuUon fater c«,ter wavelength 
was 590 nm, and the emission filter was a longpass 607 mn filter. 

The experiment yielded photographs in which the fluoteseence of the »«ly» 
„ area between *e ir^icator stream ar. the sample stream. ^ betw^ti. 
ir^i^t^ stream the control stream was a functioo o, the 
(HSA) having diffused into the indicator stream ftom sample stream and control 

Stream, respectively. 

AS represer^ schematically in Fi^ore 8A - 8E, in each of th. five eases 
photograph Of ^ device ^owed the control stream 76 (shown in *e ^br« as 
L 1*,. ti. sample stream 8. (shown to the Fi^ as whte, as dar. (blaC), ^ 
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Mica.or sue™ 70 (shown 0,= Figure b, —1 Unes) as reOdish black ^^ *e 
l„o, a™,y.e .etecion area >« (shown . *e Fi^re by d,agona, ha.Mn,) as a nsb, 
: ine e Jna^s a.on, .e leng. of d,e How cha^re, where HSA .on. .he c„n», 
.„ean, had difhrsed in,o 0. Wica.or suea™, a.. d,e san,p,e ana,y,e de.ec.» ar^U^ 
as a hrigh, red Une exKnding along d>e length of flow channel where HSA fro« Ure 
sample stream had diffused into the indicator stream. Additionally, in the fust case 
71 the concen^tion of HSA in the sample stream was 0 g/l<» ntL buffer (P.^ 
Experiment A), there was no detectable analyte detection area between the m^t 
,1, 70 and the sample stt^ 80. .„ .he seco.^ case where *e conce„«a.,on of HSA 

Ure sample s»eam 80 was 2 g/l(X. mL ba-lter (Figure 8B. Experiment B), a sample 
i; dluon area 140 abou. half *e h,.nsi.y of the control analyte detectton area 
Twas seen, .rt the third case where the con^ntration of HSA . dre sample st^ 8. 
L 4 g/lOO mL buffer (Fig«e SC. Experiment C), a sample analyte de...,on ar. 
1. L same hrt^si. as .he con^ol analy,e de.ec.on area ,4. was seen. ^ .e^^ 
case Where *e concenttaUon of HSA in d. sample s.ream 80 was 6 g/.OO mL huffe^ 
;TgureSB, Experimen. O), a sample a..y.e detection area X40 a^o^a.^ - 
LTdre in«nsi.y of ^ oon^l analy« de««on area 146 was seen. In the flfth case 
™r*e conceLon of HSA in dre sample stream 8. was S g,100 mL huff^ (F.^ 
Z Experimen. E). a sample .na.y« de««on ar. 14. ahc«. twice dre m.,.,^, of d« 
control analyte detection area 146 was seen. 

m fluorescence data shown in these photographs was recorded and graphed 
quantitatively, as shown in Table 1 and Figure 9. 
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Figure 9 is a graph of fluorescence intensity versus x-coordinate. which is the 
position in the diffusion direction (depth) of the flow channel. ( The numbers on the y- 
axis decrease as the fluorescence increases as a result of a software artifact: brighter 
(niore fluorescence) areas are labeled with lower pixel intensity numbers, and darker (less 
florescence) areas are labeled with higher pixel intensity numbers.) In the upper left 
portion of the graph, the background fluorescence of the control streams is shown: .t is 
very small, and substantially the same for each of the five cases. The large peak/dip at 
position 122-124 shows the fluorescence of the control stream, which contams 3.8 g HSA 
/lOO mL buffer: the fluorescence is strong and substantially the same for each of the five 
cases (Three data points are averaged to obtain each data value shown in Table 1.) The 
shallow peak/dip at about position 130 - 190 shows the background fluorescence of the 
indicator stream: it is moderate, varying from about 185 to 189, ax.d substantially the 
same for each of the five cases. ^ four peaks at positions 207, 207. 206 and 205 show 
the fluorescence of the samples containing concentrations of HSA of 2, 4. 6, and 8 g/100 
niL respectively. lUese correspond to Experiments A. B, C, D. and E, respectively. 
The'intensity values are 176.45, 124.15. 72.67, and 39.85, respectively. At the upper 

right portion of the graph the background fluorescence of the sample streams is shown: U 
is very small, and substantially the same for each of the five cases. 



^.amEle^: r:!r----V rnn..ntntinn of HSA jn FirUt Clinical Smnpl^ 

n^YTT^in ^ hv Intern al Standards 
Figure 10 is a graph of fluorescence intensity versus concentration of HSA from 
eight Clinical samples of human whole blood. The reference T-sensor was calibrated by 
o^easuring the fluorescence intensity of calibration streams with known concentrations (2, 
4 6 and 8 g/100 mL buffer) of HSA. The indicator stream was made accordmg the 
procedure described in Example 2. The calibration curve is shown in Figure 10 as a dark 
cun^e Next tiie fluorescence of each of ti.e eight clinical samples was measured and 
graphed (shown as X) in Figure 10. WhUe measuring these data, internal standard 
streams containing 3.8 g HSA/1(X) mL buffer were and mea^ and graphed (shown 
as circles) in Figure 10. m fluorescence intensity from tiie sample streams was dtvrded 
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by ^ nuorescnce m.ens.ty of ^ internal su.ndard streams, yielding .he co™=ted 
values, shown in Figure 10 as triangles. 

Figure 10 shows that the corrected values fall closer to the calibration line, dtan 
do Ute uncor^ted (raw) data. TOs illustrates one of the advanuges of the device and 
n^ethod of this invention which provide for correction of experintental conditions by the 
use of internal standard streams. Patatnax is an instrun-ent town to those skilled in the 
ar, atul employs optical absorbattce measurements atrf automated mixmg of samples and 
reagents to determine die concentration of analytes m clinical samples. 



F.x am ple 4 



FiEure 11 is a QC chart (LevyJeraiing) of data collected fram a device of this 
luvenUon to demonstrate the quality control *i.«ion of die device. Fluorescence intet^ity 
was plodcd on the y-axis and U» experiment r«imt.r was plotted on the x-axis^ Figute 
„ plots 20 control stteams and illustrate that 18 of die 20 fall within two stardard 
devLons o, the mean, i.e.. target value for conc^itratioa of HSA. Only expenn.«s4 
and 7 yielded vahies which fell outside two standard deviations of the target value. Tlls 
we of Chart is useftU for checking flow rate and/or reagent variaUons, lamp sour^ 
laons and other vari«ions hi s,s.m parameters of die strean. m the devtce of 
mvenuon If the measured control values fall within two standard deviauons of the target 
value (or whatever range is precise en^igh for a given project), these parameters »e 
properly controlled for. 
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CLAIMS 

We claim: 

A device for detecting the presence or determining the concentration of analyte 
particles in a sample stream comprising: 

a) a laminar flow channel; 



1 



2. 



3. 



4. 



b) 



c) 



at least three inlet means in fluid comtection with said laminar flow chamiel 
for respectively conducting into said laminar flow channel (1) an indicator 
stream. (2) a sample stream, and (3) a reference stream; 

wherein said laminar flow chamiel has a dimension sufficienUy small to 
allow laminar flow of said streams adjacent to each other and a length 
sufficient to allow analyte particles to diffuse into the indicator stream(s) 
from said sample stream and/or reference stream to form at least one 
detection area; 

d) outlet means for conducting said streams out of said laminar flow channel. 

A device of claim 1 wherein said ouUet means conducts said streams out of said 
laminar flow channel in a single mixed stream. 

A device of claim 1 further comprising detecting means positioned relative to said 
flow channel such that said detecting means can detect a change in detectable 
property in at least one of said streams. 

A device of claim 3 wherein said detecting means comprise components selected 
from the group consisting of a charge coupled device camera, a dtode array 
detector, a fluorescence detector, and an electrochemical detector. 
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7. 



8. 



9. 



54 



A device of claim 1 comprising inlet means for conducting at least one additional 
reference or sample stream in laminar flow contact with an indicator stream. 

A devke of claim 1 comprising means for dividing an indicator or sample stream 
,nto at lest two separate streams and conducting said separate streams into said 
laminar flow channel. 

A device of claim 1 comprising a plurality of laminar flow chamiels in fluid 
communication with an indicator stream channel and means for conductmg 
portions of an indicator stream from said indicator stream cham^l into laminar 
flow with separate sample or reference streams in said laminar flow channels. 

A device of claim 1 comprising means for conducting at least two streams, each 
„,ade up of at least two streams in laminar flow with each other, into parallel 
laminar flow in said laminar flow channel. 

A method for detecting the presence or determining the concentration of analyte 
particles in a sample stream, comprising: 



a) 



b) 



c) 



conducting said sample stream into a lammar flow chamiel; 

conductmg an indicator stream, said indicator stream comprising an 
indicator substance which indicates the presence of said analyte particles by 
a change in a detectable property when contacted with particles of said 
analyte. into said laminar flow channel, whereby said sample stream and 
said indicator stream flow in adjacent laminar flow in said channel; 

conducting a reference stream, comprising a constant concentration of 0 or 
greater of reference particles into said laminar flow channel, whereby said 
reference stream flows in a lammar stream adjacent to said indicator 
Stream; 
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d) 



allowing aiulytfi particles to diffuse into said indicator stream; 



e) allowing 



reference particles to difluse into said indicator stream; and 



determining the concentration of said analyte and 



10. 



11. 



f) detecting the presence or 

reference particles in said indicator stream. 

The method of claim 9 wherein the reference stream contains a concentration of 
analyte particles which is greater than zero. 

The method of claim 9 wherein two indicator streams are conducted into said 
laminar flow chamiel in adjacent laminar flow to said sample stream. 



12 The method of claim 9 wherein two reference streams are conducted into said 
laminar flow chamiel in adjacent laminar flow to said indicator streams. 

13. A method of claim 9 wherein said reference stream is a control stream. 



14. A 



method of claim 9 wherein said reference stream is an internal standard stream. 



15. A method of claim 14 wherein said internal standard stream contains reference 
particles different from said analyte particles. 

16. A method of claim 14 wherein said internal standard stream contains reference 
parUcles the same as said analyte particles. 

17 . A method of claun 9 wherein said reference stream is used both as a control 
stream and as an internal standard stream. 



18. A 



method of claim 9 wherein said reference stream is used as a calibration 



Stream. 
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19. A method of claim 9 wherein the detectable property is selected from the group 
consisting of absorbance, chemiluminescence and fluorescence. 

20. A method of claim 9 wherein the indicator substance is immobilized on a 
particulate substance carried within the indicator stream. 



PCTAJS97/21258 




SUBSTITUTE SHEET (RULE 26) 



wo 99/05512 



PCT/US97/21258 



2/12 



-1^60 




Fig.2 

SUBSTITUTE SHEET (RULE 26) 



wo 99/05512 



PCT/US97/21258 



3/12 



25A 



20A 




25B 



20B 



Fig.3 



SUBSTITUTE SHEET (RULE 26) 



wo 99/05512 



PCT/US97ai258 



4/12 




Fig. 4a 



SUBSTITUTE SHEET (RULE 26) 



PCT/US97/21258 




SUBSTITUTE SHEET (RULE 25) 



wo 99/05512 



PCT/US97/21258 



6/12 




Fig. 5 



SUBSTITUTE SHEET (RULE 26) 



wo 99/05512 



PCTA;S97/21258 




Fig. 6 

SUBSTITUTE SHEET (RULE 26) 



wo 99/05512 



PCT/US97/21258 



8/12 




55 25 '^^ 
100 



SUBSTITUTE SHEET (RULE 26) 



PCTAJS97/21258 

WO 99/05512 



9/12 

7 




Fig. 8 

SUBSTITUTE SHEET (HULE 26) 



wo 99/05512 



PCT/US97/21258 



10/12 




A^isuaiui 



SUBSTITUTE SHEET (RULE 25) 



wo 99/05512 



PCT/US97/21258 



11/12 



E 
O 




uoi|uaAU| siMi p aoiASQ Aq 



SUBSTITUTE SHEET (RULE 26) 



wo 99/05512 



PCT/US97/21258 



12/12 



QC chart by control peak maximum 



0.5 



0.48 



0.46 



0.44 



.•!= 0.42 

CO 

I 0.4 
0.38 



0.36 




_ Mean+2std 



- 2 



034 
0.32 



15 



12 



R 10 % .14 • 16 



•'9 

17 •20 



Mean 



18 



•9 



II 



Mean -2 std 
5 





2 4 6 8 10 12 14 16 

Experiment Number 



18 20 22 



Fig. 



SUBSmUTE SHEET (RULE 25) 



INTERNATIONAL SEARCH REPORT 



Intcrnttiontl applicttion No. 
PCT/US97/2125S 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :G01N 21/64 

US CL :436/172, 177, 180; 422/81 ^u«.ific*tion and IPC 
.ccordine to Intend Ptcat CUsiitotion (IPC) or to boOi national cUssificttion and 



According 

a FIELDS S EARCHED ^ 

Mmimum documcnUtion K«ch«l (clas«fic.tk,n .y.t«n ioUo^ by cU,.iAc.t>on .ymboU) 
U.S. : 436/172, 177. 180; 422/8U 82. 8Z08 

, , J . .u^^«rtth*iiuch document are indudcdm the ficldjicar^ 

Documentation .can^ otto than mi^ 



Hlectn>n^databa.ccxuuultcdduHngtl^ pn^cable, .ea«. tcnn. uacd) 



Citegoty* 

A 
A 
A 
A 



C DOCUMENTS CONSIDERED TO BE RELtVANT 

^ of docwn«t.wahind«*lk>a. where ^yn^.^ 

US 4,894,146 A (GEDDINGS) 16 January 1990, entire document. 
US 5,141,651 A (GIDDINGS) 25 August 1992, entire document. 
US 5,193,688 A (GIDDINGS) 16 March 1993, entire document 
US 5,389,524 A (LARSEN et al) 14 February 1995, entire 



document. 



Rjclcvant to claim No. 

1-20 
1-20 
1-20 
1-20 



n nrr— ' >..^i^k.tiu.eo.itiautfo«cfB oxC. □ Sec p.lcat tofly ^mcx. 

' ' — |rt«doM«al|Nibl»M«AirltMiBliaii 

• SpMMl«tH«nM«'«i*^4oeu«MlK ^ wA k ooofliBt with lb« ippb^ 

to Wf |* MticwUr i »tf MOt ^ do«Mi«l ■^•^Jjrjl 



•r 



tob*«fi 

4ooua«at IMbUM M or ■<tar *« 
dudio •it.bWi *• f**i«*io« d^«f alio* 

r^fTiBC to «m» ii-loi-«. .ithibilioo 4r o<b» 
«at publMW prior to «M 



to iiiTO*T« m io»«otir» M^i 



to^X -e «T*otiT« -.P wb« lbo.4ocu«t « 



th« 



Date of the actual completion of the intematiooal search 
02 MARCH 1998 



irirf «M to • p«m akilM « ttM art 



Name and mailing addreaa of the ISA/US 
Commitsiooer of •«» Tr»aaa«fca 

Box per 

Waditec(oa,iP'C* 30231 
F«»,^No. (703)305-3230 



Date of mailing of the tntcmational tcarch report 

13 MAR 1998 




Autbocu 

JEmi^R-SNAY 
Telephone No. (7W)30M651 



Form PCTaSA/210 (second fhectHJuly 1992)* 



